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THE REDUCTION OF PHOTOGRAPHIC PLATE MEASUREMENTS
FOR SATELLITE TRIANGULATION

Anna—-Mary Bush
Geodetic Research and Development Laboratory,
National Ocean Survey, NOAA. Rockville, Md.

ABSTRACT. The reduclion of Satellite Triangulation raw
(photographic) data and their preparation for analysis is
described. The reduction method is closely related to the
technique of plate measurement. The operations are
carried out by means of three computer programs. The
first sets up the framework for identifying images and
computes a first approximation to camera orientation.
The second program reduces the star and satellite image
measurements to a single, consistent, plate—centered
system, with comparator and operator biases removed.
The third program associates each image with the celestial
coordinates of the star and the time of exposure.
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1. INTRODUCTION

1.1 Purpose of Program

The plate data reduction system is the first phase of data analysis for the
Satellite Triangulation project of the National Geodetic Survey (Schmid 1972).
Its purpose is to take the raw data which come in the form of a series of
rectangular coordinates defining images on the photographic plate, and prepare
them to be used as input to the Single Camera Orientation and Satellite Image
Reduction programs. The Single Camera Orientation phase of satellite triangulation
computes a mathematical model of a camera and its orientation in space, given
the celestial coordinates of stars being photographed and the corresponding
positions of star images on the photographic plate. The Sateilite Image Reduction

phase uses as input the camera parameters computed in the Single Camera
Orientation program, and the positions of satellite images on the plate. (Slama
1972; Hanson 1973)

1.2 Historical Development of Program

The many operations necessary to reduce the raw data have evolved over a
period of several years. During this time the results to date were analyzed
repeatedly to detect biases, which were then eliminated or compensated for by
changes in method. Originally, much of the reduction was done manually with
the aid of several one—step computer programs written for the IBM 1620. As
operations were added and the procedure became more complex, the number
of such computer aids multiplied. The availability of the IBM 7030 made it possible
to consolidate many of these previously separate steps, and turned the efforts
of those in charge of data processing toward increasing automation. Automation
also was made necessary by the great number of plates to be processed — about
3.000 altogether.

A total reevaluation of the plate data reduction procedure was made in 1968.
At this time the procedure was cast in its final form. (All plates processed to
date were rerun under the new procedure.) The various steps of the reduction
operation were now consolidated into three computer programs written for the
CDC 6600. A high degree of automation has been attained, but several steps of
manual intervention and auxiliary computer output are still needed. Although
the main emphasis of this report will be on the computer programs, the other
steps will be described as needed.

The computer programs now used bear the traces of their evolutionary
development. In many of the operations to be discussed, history rather than
theory will be cited in the explanation. Also, the data formats now used have
been influenced by the various input/output media used over the years.



1.3 Plate Measurement

The plate data reduction procedure is closely tied to the technique used to
measure the photographic plate. This technique has been described by Schmid
(1972). Certain aspects will be described here.

1.3.1 Exposure Times

A selected event consists of the simultaneous exposure of photographic plates
at two or more observing stations. Each developed plate arrives from the field
accompanied by a field record sheet, and a brush tape containing a record of
the times at which the camera' shutter was open. These times are ir a pattern.
The pattern has been developed to obtain: i) clear star images before and after
satellite passage to provide a firm basis for computing camera parameters and
also to detect any camera motion during exposure; ii) star images during or as
close as possible to satellite passage; iii) a series of evenly spaced satellite images
passing across the plate close to plate center. The total exposure sequence is
about 45 minutes. Because the camera is held fixed, each star in its field is
represented on the plate by a series of images in the form oi dots and dashes
corresponding to the exposure pattern. The satellite, whose apparent speed is
much greater than that of the stars, is seen as a line of evenly spaced dots.
Regular breaks in the satellite exposure sequence are visible as gaps. and are
used to associate each image with the appropriate time.

The scheme used for numbering images is of paramount importance, since
this is the means by which each image is associated with time. For Lhe stars, a
basic code of five digits has been established (fig. 1). The leftmost two digits
identify an individual star by location (see sec. 1.3.2 and sec. 1.3.3). The hundreds
position indicates a particular part of the star's track length. Only the "dot”
images in the star’'s track are used for measurement, and in the exposure pattern
these are in nine consecutive groups The first three groups were exposed before
satellite passage, the fourth as close before passage as possible, the fifth during
passage, the sixth immediately after, and the final three after this. These groups
have been given the (rather misleading) name of "trails.” The tens and units
positions together are in a running sequence beginning with the first exposure
in trail 1. The usual case is to have five images in each trail.

It can be seen that the rightmost three digits of the star image number are
time-related since they associate the image with its place in the exposure
pattern. This part of the number will be called the time code. A given time code
is represented somewhere in the track length of every star. The addition of the
location code specifies the particular star.

The time code can also be used to refer to the star exposure times themselves.
The times are transcribed from the brush tape and punched into cards along
with their time codes. The exposure time of the initial satellite image is also
recorded. All times are given as Greenwich Mean Time (GMT), also called Universal
Time (UT).

tThe main body of this report deals with the BC-4 camera. See appendix B for adaptations necessary when

other cameras are used.



25311 o,

[

0
25315 ©
26416 °°°o 2 6
26420 °
26521 o,
°o
26525 "\
2526 26626 °o 26|27
37|38 26630 ° 38(39
38731 °o°°
38735 °
38836 °%oq,
38840

Figure 1. A section of a star's track with image numbers



i.3.2 Star Chart and Preidentified Stars

The other preparatory step done at this time is the automated vnreparation
of a star chart to the scale of the photographic plate. This serves as a guide in
measuring and identifying stars. At the same time, a group of bright stars in a
ring around the center is selected to serve as preidentified stars. An arbitrary
two—digit number that serves as location code is assigned to each of these. The
celestial coordinates, plate coordinates, and location code of each are printed,
enabling the operator to locate any of these stars on the plate. Also, the celestial
coordinates and proper motions, together with the location code, are punched
onto cards to be used later in the Preliminary Reduction program.

1.3.3 Marking and Measuring

The plate was preexposed with a 76-block grid. During the marking phase,
about 150 stars are chosen for measurement, ideally, two from each grid block.
Usually, only one trail from each star is to be measured, but if two or more
trails from the same star are selected, this is allowed for in the reduction systera.

The satellite images are related to the other plates in the event by the
correspondence in brush tape times. The earliest image on any plate is assigned
number 1, and all images, including missing images, are numbered in strict
sequence from this. The operator selects five images, including the first and last
images, along the satellite trail of the current plate, and marks them with their
sequence numbers, which are readily established by their relation to the gaps
in the trail. These are the preidentified satellites.

The drill holes in the photographic plate are num-— 2 7 3
bered according to its orientation in the camera.
Figure 2 shows the plate as it appears in the camera
with the emulsion side away from the viewer.

The plate is placed in the comparator for measure— P g
ment. As each image is centered in the eyepiece, the
operator presses a button to record on paper tape
the x and y coordinates to the nearest micrometer.
With each position record the operator also adds the 1 5 4
image class and a partial image number. The class is
indicated by a code in which 3 means drill hole, 2 is
star and 9 is satellite. See section 4.5.5 for discussion
of why the operator does not number each image completely.

Study of measurements made under various conditions showed that after two
to three hours the operator's body heat causes an unacceptable amount of error
in the comparator. Therefore, the measurement of an entire plate, which takes
up to eight hours, must be broken down into several sessions. At the beginning
and end of each session the operator measures the eight drill holes, usually
measuring each one five times before going on to the next. AL the end of the
session the drill hole positions must be within a certain tolerance of those at
the beginning; otherwise, the session's work must be repeated.

The first session is devoted to the measurement of the "Pre set" (see sec. 3).
Besides the drill holes, the Pre set consists of the preidentified stars and satellites.
The image number recorded for each satellite is the predetermined sequence
number. The location code and trail number are recorded for each star, but the
last two digits of the image number are given as zero.

Figure 2. Drill holes



During the next one or more sessions, all the star images previously selected
and marked, and all the satellite images in the center 12 centimeters of the
plate, are measured. This is called the A set. The image number recorded for
each star is three digits only, the location code and trail number. The location
code is the number of the block in which the star was measured. As in the Pre
stars, all images in the measured trail of a given star have the same number
at this point. No image numbers are recorded for the satellite images.

When the A set is complete, the plate is rotated 180° and the measurements
are repeated to form the B set. Since each comparator operator has a personal
bias in lining up a finite dot with a crosshair, repeating every measurement with
the plate rotated 180° and taking a mean of the two sets will eliminate this bias.

The data on paper tape are converted to magnetic tape on the IBM 360. During
the conversion, the drill hole measurements in the A and B sets are rearranged.
For each measuring session, the opening and closing drill holes are combined;
that is, all the measurements of drill hole 1 are grouped together, then all
measurements of drill hole 2, and so on. These are placed ahead of the star and
satellite measurements. These in turn are preceded by a set of class 0 images,
originally representing fiducial marks. Later, the fiducials were dropped and the
class 0 points are now a duplicate of certain drill holes (see sec. 4.3).

1.3.4 Independent Day Numbers

Besides the plate measurements, the other source of information is the list
of exposure times from the brush tape. To compute the exact position of each
star at each of these times (which are in UT), a set of parameters for each time,
including Independent Day Numbers and local sidereal time, is necessary. Tables
containing this information have been taken from the American Ephemeris and
Nautical Almanac and stored on magnetic tape. With the station longitude and
the date of observation given, a computer routine performs a lookup and
interpolation for each exposure time, and writes the resulting set of parameters
on tape. Each set of parameters includes:

time code, plate number, date
station latitude
local sidereal time of exposure

G

H

f

g Independent Day Numbers

h

i

T

AT = nearest Besselian year — 1950.0

station elevation ;
. from field record

atmospheric pressure and temperature

The computer routine also tabulates the exposure pattern, which is needed
because the pattern may depart from the standard of nine trails with five images
each. This is done by analyzing the time codes actually present. For each trail
represented, the number of images and the sequence number of the first image
are punched onto a card. This information is later used in numbering individual
star images within a trail.



2. BASIC FORMULATIONS USED IN PLATE DATA REDUCTION

2.1 Some Considerations in the Reduction of Plate Measurement Data

2.1.1 Comparator Reduction

The first factor to be considered in dealing with measurements on a comparator
is that the comparator itself is not perfect. Inaccuracy in scale and lack of
perpendicularity between X and Y axes are the two most obvious sources of
comparator error. Although more elaborate formulations have been tested,
involving screw harmonics, the following has proven to give sufficient accuracy
in compensating for comparator errors in the preliminary stage:

r=2s"+ y'-sy*-sin a
- (1)
Y=Y Sy
where z' and y' are the coordinates recorded by the comparator, s,” and s,”
are the scale factors in X and Y, and a* the difference between 90° and the true
angle between the X and Y axes. The comparators are calibrated at regular

intervals; the scale factors and the a* are among the parameters determined
by calibration.

2.1.2 Coordinate Systems

The measurements obtained are in the coordinate system of the comparator,
which is arbitrary as far as the plate is concerned. For the first years of satellite
triangulation work, all measurement data were transformed to a system
determined by the plate fiducial marks or drill holes. For each subset, i.e., the
measurements done in a single session, a system was defined by the origin at
the center of the drill holes, X—axis positive toward drill hole 3 and Y-axis
positive toward drill hole 4. The mean of all opening and closing drill hole
measurements for the subset was used.

In the 1968 reevaluation of the procedure, it was decided the data should be
kept as close to the original as possible. Therefore the measurements are now
retained in the comparator system except for a translation to the center of the
drill holes. This center is computed as the least squares solution of the intersection
of the lines defined by the four pairs of opposite drill holes. The observation
equation is the two—point form of the equation of a straight line:

2[y(b)-y(a)] - y[z(b)-z(a)] = 2(a)y(b) - z(b)-y(a)
for each pair of opposite drill holes a and b. The normal equations are formed

in the usual manner:

T

L [y(6)-y(a)]? T ~[y(b)-y(a}] [z(b)-2(a)]
" L ~[y(b)-y(a)][z(b)-z(a)] L [2(6)-2(a)]?
2 [y(b)-y(a)] [2(a)y(b)-z(b)y(a)]
"Z -[z(b)-2z(a)]-[2(a)y(b)-2(b)y(a)]

Y (2)




The solution of the normals gives the coordinates of the center of the drill holes
in the comparator coordinate system. All measurements including drill holes are
then translated:

L =x-x
t < (3)
Ye=Y~Ye
where z.,y. are the coordinates of the drill hole center, z,y indicate a measured
point, and z,y, are the coordinates of the point after translation. (All further
equations deal with the translated measurements so the subscript { will be
dropped.)

Since a considerable portion of the data processed to date has been in the
fiducial system, and the possibility of rerunning any part of the processing must
always be kept open, the programming must be kept flexible enough to handle
data in either fiducial or comparator system. How this is done is explained in
appendix A.

2.1.3 Possibility of Plate Upside Down

In future computations, the assumption is that the photographic plate is
mounted in the comparalor so that the image appears to the operator as it
would in the idealized diapositive in figure 3. As can be seen from figure 4, this
condition could be met either by viewing a negative plate with the emulsion side
up, or a positive plate with the emulsion side downr The latter is now standard,
but as the method was being developed, all possible combinations were used.
Furthermore, there is always the possibility of human error. For this reason,
there must be a test and. if necessary, a correction, for this condition in the
reduction program.

If the plate is mounted correctly, the drill hole numbers will increase in the
counterclockwise direction. In the test for correct mounting, the drill hole
measurements are transformed to the fiducial system as described in sec. 2.1.2,
1.e., besides the shift to center, they are rotated through T:

y(3)—y_(1_)]
z(3)-2(1)
This defines the positive direction of the X—axis (toward drill hole 3); the Y-axis

retains the right-handed orientation (fig. 5a). In this coordinate system. the
y—coordinate of drill holes 2 and 4 are computed:

-r=tan"[ (4)

yr(2) = (¥(2)-ye)cos T — (z(2)—z¢)sin T )
yr(4) = (y(4)-yc)eos 7 — (z(4)-z¢)sin T

If the plate was mounted correctly, y,(4) will be positive and y,(2) negative for
counterclockwise drill holes (fig. 5b). If y;(4) is negative and y,(2) positive, it
means that the drill holes are clockwise and so the plate was upside down (fig.
5c). In this case, the data may be converted to the diapositive mode by reversing
the sign of the y—coordinates of all measurements after they have been translated
to the center of the plate. The rotation of the drill hole measurements to the
fiducial system is now done as a test only; the results are not retained.
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2.2 Celestial Coordinates of the Stars

2.2.1 Source of Information

The source used for the stellar coordinates is the catalog published by the
Smithsonian Astrophysical Observatory (1966). The contents of the catalog were
studied by Bossler (1966); stars with visual magnitudes £8.0 and standard
deviations £+0.4" at epoch 1950.0 were selected for use. After some minor editing
to remove bhinaries, a total of 20,291 stars remained. For these stars, the right
ascension (a), declination (8), and the proper motions in each for epoch 1950.0
were stored on magnetic tape.

Because of long—term changes in the direction of the earth's axis, and motion
of the stars themselves, their celestial coordinates will have changed between
epoch 1950.0 and the time of observation. Thus it is necessary to update each
star position for use in precision computations. It has been found convenient
to perform the updating of the stars' positions in two parts, the first to the
beginning of the Besselian year nearest the day of observation, the second to
the time of observation itself.

2.2.2 Updating to Year of Observation
For the first phase, the method of updating used is that of Scott and Hughes

(1964). The initial step is to transform the celestial coordinates for epoch and
equinox 1950.0 to an earth—centered rectangular system, with the Z—axis toward
the pole, the X—axis toward the vernal equinox, and the Y-axis lying in the
equatorial plane and forming a right—handed system. In this system (with a
celestial sphere of unit radius):

r=cosacosé
y=sinacosé (6)
z =sind.

A comparable transformation is performed for the proper motions. Since u, =
da where a is any direction and u, is the proper motion in that direction:

My =dxr = -sinacosdda —~ cosasind dd

—-sin a cos 0 p, — cos asin & u,.

Similarly, (7)
My = COS a cos § pu, — sin a sin 6 u,
My =COS O ly.

Next, updating to the epoch of the beginning of the Besselian year nearest the
observation date is done:

z z Mz [y AT |
yil = |y + [l#e - %(AT)al (8)
2 2 Kz Mg

00



where subscript 00 means epoch and equinox of 1950, subscript 07 means epoch
T referred to the equinox of 1950, and

e = sttt

f = —2p®
1y = —yu?
fe = —2u°

T = nearest Besselian year
AT =T -1950.

Finally the transformation to the mean equinox T

x X, Y. Z, x
yl =Xy Yy Z,0 |y (9)
2z X, Y, Z, 2

™r or

where

T0=.5

AT AT \? AT \?
Ag - (2304250+1396T0)m + 302<T66) + 018(56)

s i1
2 =8 -9 To0

AT AT \2 AT \3
6" = (2004.682 —.853T,) — — .426( — | ~ .042( —
( °)1oo (100) (100)

X, = coslgcosBcosz-sinigsinz

Y, =—sinfjpcosfcosz—coslysinz

Z,=-sinfcosz

X, = coshgcosfsinz+sinjgcosz

Y, = —sin g cos @sin z + cos g cos 2
= —sin @ sin 2

X, = coslgsiné

=~
~
Il

—~sin Ag sin 6
Z,= cosf.

This completes the updating to the beginning of the year.
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2.2.3 Updating to Time of Observation

The second phase uses the method of Independent Day Numbers (sec. 1.3.4).
The star coordinates for the beginning of the year closest to observation must
be reconverted to right ascension and declination:

og = tan™! <y>
* (10)
et ()

where z, y, and z are the vector as above

[
X

Yy
| z
™
Then the updating formulation is:

h si +H
a=0g+f+ Tue +gtan d, sin{(ag+C) + ﬂ(a“—) +Jtan? g,
cos 6g (11)

0 = 0g + Tig + hsin 6y cos(ag+H) + g cos(ag+G) + icos 6y + J'tan 6,

Now a and 6 represent the celestial coordinates of the star at the time of
observation.

2.3 Adjustments to Celestial Coordinates

The coordinates of the star as computed in the previous section represent
the true position of the star, but this is not the position as actually seen from
earth. Because of diurnal aberration and refraction, the path of the light ray is
deviated and falls on a slightly different place on the plate. [t would be possible
to adjust the measurements on the plate to conform with what they would be
if these effects did not exist. But the philosophy has been to leave the measured
data alone. and instead to compute what the star position would be, corresponding
to the given measured position, in the absence of refraction and diurnal
aberration.

For a detailed discussion of diurnal aberration and refraction, see Slama
(1972). For diurnal aberration,the adjusted celestial coordinates are (in radians):

H=ST -«

N 1.55x10"%cos ¢ cos H
cosd

6'=06+ 155%x10"C cos ¢ sin Hsin 6

a =a

where a and § are the updated celestial coordinates and ¢ is the latitude of the
observing station. ST is the local sidereal time of the observation.

507-908 O - 173 -2
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The classical model of refraction has proved sufficiently accurate for the
purposes of reduction of plate measurements. This model is represented as:

P'=P/Py (in mm)
T"=T/Ty (in°K) = (13)
R=P/T(Gytan z + G, tan? z + G, tan® 2)

where R is in radians, P and T are the air pressure and temperature, P, and T
are standard pressure and temperature (P, = 760 mm, T, = 273°K), and z is-
the refracted zenith distance of the star. The values used for the refraction
parameters are (in radians):

Co = 2.9137566x107*
G, =-3.227865x107 (14)
C, = 1.0225x107°

The pressure and temperature of the air are in practice known only at the
station. An estimate of average air pressure is made as a function of the station’'s
latitude () and elevation (£) in meters:

RE
P= Psta(l - .00264 cos (2(p) - m) (15)

Station temperature is assumed to be sufficiently accurate for this use.
Note also that when used in processing, the formula is set up so that
temperatures may be input in degrees centigrade rather than Kelvin.

TX/TE =1+ BT where 8 =1/273 (16)
The adjusted star positions are:

6"=06'+Rcosq

Y , Rsing (17)
a’=a' +
cos o"
where
Hl
sing = S0 - cos @ (H' =ST-a')
sin z (18)
sing —sind'cos z
cosqg = —
cos d'sin z

The zenith distance of the star must be recomputed at each stage of correction:

z = cos ™! (sin ¢ sin 8 + cos ¢ cos H cos 6). (19)



2.4 Mathematical Representations of Star Position

2.4.1 Direction Cosine Matrix

15

See Slama (1972) for a detailed discussion of the following relations. In
photogrammetry, the relation between the position of an object in space XYZ
and its image on a photographic plate z,y may be computed, given six parameters
of the camera's orientation. These parameters are a and w, the angle of the
camera axis relative to the Z-axis and to the XZ-plane, respectively; the angle
k representing plate rotation about the camera axis; z, and y,, the coordinates

of the principal point on the plate; and c, the focal length of the camera.

The position of the object being photographed may be computed:
X=Xy = (Z_ZO)[(x_xp)Al + (y—yp)AZ +cD]

(z-z,)C, + (y—yp)C2 + CF
Y-y, = (Z-2,)[(x=2,)B, + (y—yp)B, + cE]

(z-2,)Cy + (Yy—Yyp)Ca + cF

The reverse, computing plate coordinates from position in space:
_ c[(X=Xo)A, + (Y~Yo)B, +(Z-Z,)C,]
P (X=Xo)D + (Y-Yo)E + (Z-2y)F
_ c[(X—=Xg)Az + (Y=Yo)Ba + (Z-2,)C,]
Yp = T (X=Xo)D + (Y-Yo)E + (Z-Zo)F

In these equations, X; Y, Z, are the coordinates of the camera, and

A, =—-cosacosk +sinasinwsink
B, = —coswsink

C,= sinacosk+cosasinwsink
A, = —cosasink - sin a sin w cosk

B, = coswcosk

C, = sinasing -cosasinwcosk
D = sinacosw

EF = sinw

F = cosacosw.

These nine parameters are referred to as the direction cosine matrix.

(20)

(

(9

2)
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2.4.2 Standard Coordinates _

If stars are the objects being considered, their positions in terms of celestial
coordinates must be transformed into rectangular coordinates to make use of
the direction cosine matrix. Since it is actually the position of the celestial
object relative to the camera that is computed, a convenient rectangular system
is a projection of the celestial sphere onto a plane tangent at the observer's
zenith. On the plane, the ¢-axis is positive toward the north and the n-axis is
positive toward the east. The third axis is through the zenith and has the value
of unity. This is called a system of standard coordinates. In this case, in the
photogrammetric equation:

X_X0=£
Y-Yy=1 (23)
Z_Zozl

2.4.3 Conversion from Celestial to Standard Coordinates and Vice Versa
For a given observation location and local sidereal time, the standard
coordinates for a star may be computed from its celestial coordinates:

cosgsind —sinycos Hcosé
sin g sind + cos g cos Hcos 6

) (24)
-cosdsinH

singsind + cospcosHcoséd

where H = ST - a. (Note that the denominator in both equations is the cosine
of the zenith distance.)

Computation of celestial coordinates from standard coordinates requires an
intermediate step: computing azimuth and zenith distance, 4 and z.

A=tan"!(n/¢)+m  (from south)

2 a4 (25)
z = tan"![(£%+n?)z2].
Then
H=tan"[ sin A.sinz . ]
cos @ cos z + sinpcosAsin 2
(26)

a=8ST-H
8 = sin~!(sin ¢ cos z ~ cos ¢ cos Asin z).

(Note that celestial coordinates computed from standard coordinates that were
computed from plate measurements, are "as seen," i.e., they contain adjustments
for refraction and diurnal aberration.)
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2.5 Least Squares Solution

The method of least squares is employed at several places in the reduction
procedure. This familiar tool for fitting experimental data to a mathematical
expression called the observation equation need not be discussed in detail. But
to employ this method it is necessary that the observation equation be linear.

In reduction of the measurement data it is necessary to perform various
coordinate transformations by least squares, and these equations are non-linear.

2= [(z-a2)(1+S,;) + (y—ay)(1+S,)alcos k + (y-ay)(1+S,)sink @7
y' = —[(z—a2)(1+5;) + (y—syl1+S,)alsink + (y-ay)(1+Sy)cosk
where
z,y = coordinates in the original system
2'y' = coordinates in the new system
Sz.Sy = scale factor differentials between the two systems

o = angle representing lack of perpendicularity in the original system
(assumed small enough that sina = a)

az,ay = shift between the two systems
x = rotation between the two systems.

Sy, S, and/or a may be neglected if a less rigorous solution is needed.

The equations must be linearized using Taylor's series, neglecting second order:

0z° az° az° az° 92° 920
' — 2.0 0 0 0, 9 ro0 0% po0,%E A0
=2+ 6Aa:°A(Ax) + aAy°A(Ay) + aSIOAS'z + asyoAby + aa°Aa + alcoAlc 28)
ayO ayO ayO ayO ayo ayO
r=yf+ )%+ — 0+ —==AS, 0+ ——=AS,° + =0’ + Ak
V=Y gt ()7 F gty 5o 58S g5 oA+ ettt et
The partials are evaluated:

ox 0

Fyeie —(1+S,)cos« aTi_ = (1+S,)sin«k

0 i)

% = ~(1+Sy)(a cosk + sink) % = —(1+S,)(-asink + cosx)

i} a

g (x—ax)cos k . —(z—az)sin k

as, as, (29)

oz oy -

35 (y—ay)(a cos k + sin k) 35 (y—ay)(—asink + cosk)

v Py

oz 5} .

ri (y—2y)(1+S,)cosk % = —(y-ay)(1+S,)sink

a .

o = ~((z-s2)(1+5,) + (y-sy)(1+5,)a)sin x + (y=ay)(i+5,)cos x

dy

3 =~ (2-02)(145;) + (y—ay)(1+S, Jajcos & = (y-ay)(1+5,)sin x
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An iterative method is then employed. In the first approximation, z° and y°

are the coordinates in the original system and the parameters are zero (unless
there is advance information about the rotation angle «). The solution yields
values, not for the parameters themselves, but for incremental changes to the
assumed values of the parameters. After each iteration new values for z° and
y° are computed using the original observation equations. The solution is then
repeated using these new values and the parameters that are the cumulative
result of previous iterations. The process continues until the computed values
of z° and y° are within a tolerance limit of the observed values:

1 (=29 + |T (y'~y°)
N

(In case of nonconvergence there is a limit of 10 iterations.)

<1078 (30)

Then the parameters used during the last iteration are taken as the final values.
In all cases where the least squares method is employed, the method for
inverting the normals is one devised by Erwin Schmid (1973).
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. 3. THE PRE SET OF MEASUREMENTS

3.1 Purpose

The functions of the “Pre set" are: to provide the framework by which the
star and satellite images in the two main sets may be numbered and identified,
and to provide a first approximation to the camera orientation.

The satellite images in the Pre set were numbered by the operator before
measuring, according to their sequence position. These preidentified images were
selected at roughly equal intervals along the trail; all the remaining images in
the trail will be numbered accordingly.

The preidentified stars are the basis for the other functions of the Pre set.
The identity and celestial coordinates of these stars are known; using the plate
constant method, an approximation to the camera orientation is computed. This
approximate camera orientation will be used in three places during the da‘a
processing.

a. Together with the station latitude, it will be used to determine the apparent
direction of the stars’' path across the plate. The star images, which had only
their location code and trail number assigned during measurement, will have
their sequence numbers computed according to this direction.

b. It will be used to compute an approximate right ascension and declination
for each star image. which in turn will be used as the basis for a search through
the star catalog to find the actual identity and celestial coordinates of the star.
c. It will serve as the first approximation to camera orientation for the Single
Camera Orientation program, which uses the successive iteration method to
compute its results (Slama 1972).

3.2 Input to Preliminary Reduction Program

The Pre set, after conversion from paper tape to cards, typically consists of:
a. eight drill holes. class 3, numbered 100 to 800 — up to five measurements
each;
b. seven stars, class 2, numbered with five—-digit star code, the last two digits
of which are 0 - five measurements each (representing five images of a trail);
c. five satellites, class 9, numbered with sequence number - one measurement
each.

To this set is now added:
d. station latitude and longitude,
e. comparator calibration parameters,
f. Independent Day Number parameters for the midpoint of each star trail (sec.
1.3.4),
g. celestial coordinates of preidentified stars (sec. 1.3.2), and
h. descriptive information.
This forms the input to the Preliminary Reduction program, designated program
673, written for the CDC 6600.



3.3 Operations of the Preliminary Reduction Program

3.3.1 Initial Steps

For each drill hole, a mean of the several measurements is computed to
obtain the best value for the positions. A mean of the five measurements for
each star is computed even though they represent five different images in a
trail. This value is assumed to approximate the midpoint of the trail as accurately
as necessary for the purposes of the program. The meaned measurements of
drill holes and stars, and the single measurements of satellites, are subjected
to comparator reduction, translation to plate center, and test for plate mounting

[eq.(1) to (5)]

3.3.2 Celestial Coordinates and Standard Coordinates

At the time the star chart program produced the chart for the particular
plate, a card was punched for each possible preidentified star with its location
code and catalog information, including right ascension, declination, and proper
motions in each, for the epoch of 1950.0. When certain of these stars were
selected for measurement, their location codes were incorporated in their image
numbers. Now, to associate each measured position with the appropriate celestial
coordinates, the program searches through the list of star positions (input by
means of cards) and matches location codes.

As each star position is matched, the celestial coordinates «, § are updated.
The first step updates to the beginning of the Besselian year nearest the
observation [eq.(6) to (9)].

To update stellar coordinates from the beginning of the year to the time of
observation, the Independent Day Number parameters for the exposure time of
the image in question must be known. The parameters for the midpoint of each
trail have been read into the program. The routine matches each meaned star
image with the appropriate parameters by matching trail numbers. The updating
of the stellar coordinates continues as in eq.(10) and (11), neglecting the terms
in J and J' since they are second-order corrections.

The position of each star after updating must be adjusted for the effects of
diurnal aberration and refraction [eq.(12) to (19)]. Then the standard coordinates
¢,m for each star position are computed from the updated and corrected celestial
coordinates «a.,6 [eq.(24)].

3.3.3 Computation of Camera Orientation

After the above operations are performed for all the measured, preidentified
star images. the plate constant method is employed to compute the camera
orientation. This method is based on the pair of observation equations relating
star position ¢, and associated plate position z2.y:

&A1 + n;B1 + C1 - &§2,40 — nxBO

' (31)
§:A2 + ;82 + €2 - §yA0 - nwBO = —y,

These equations are linear and the least squares method may be applied directly.
The normal equations are formed in the usual way. Solution, by inversion of the
matrix and multiplication by the column on the right. results in best fit values
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for the plate constanis" Ai-through BO. The camera parameters (see sec..2.4.1)
may be computéd “fromritie plate constants:

o =tan- 1(40)

tan~!(B0)
[(40)% + 1]'2
o tan"(Ao c2 - A2)
A40CT - Af
AOA? + BOB1 + C1 (32)
P~ T(40)% + (BO)? + 1
AOA2 + BOB2 + C2

W=

z

Y= T0)2 + (BO)E + 1 1
A2B0 - A0OB2 AOB1 - A1 B0 3( )2 4
R et et SR b A1B2 - A2B1
_ ( A1B2 - A2B1°P AiBz-ABBIy”>
c= AZB0-A0B2 .~ AOB1-A7B0
A1B2 - A2B1 A1B2 - A2B1

3.3.4 Test of Solution

It is possible that at least one of the preidentified stars was wrongly identified
or badly measured, thus throwing the solution off. If such stars can be pinpointed,
they can be eliminated from the solution and the parameters recomputed. Seven
stars are usually selected as preidentified. Four stars would provide a unique
solution; therefore, five stars is the minimum-accepted by the program.

The first step in testing the solution is to compute the standard coordinates

of the stars from their plate measurements and the computed orientation
parameters using eq.(20), (22), and (23).

_(-.'L'—.'L‘p).‘l_l + (y_yp)Az + C-D.
(x_xp)cl + (y—yp)cz +cF
c. (x—x,)B, + (y-yp)B2 + cE
(x—2,)Cy + (Yy-yp)Ca + cF

=
(33)

where superscript ¢ means computed. The residuals between these computed
values and the values used in finding the solution are computed for each star:

=¢-¢

(34)
Up=n-7°

These residuals are then compared with a tolerance, usually 100um. If all residuals
are less than this tolerance, the solution is considered satisfactory. If one star
has residual(s) greater than the tolerance, the star is removed and the solution
repeated, using eq.(31) to (34). If more than one star has residuals greater than
the tolerance, it is assumed that the solution is sufficiently bad so the star
causing the trouble cannot be identified by residuals. In this case, the solution
is repeated automatically, removing each star in turn until a satisfactory solution
is reached. If none of these methods succeeds in obtaining a solution with more
than four stars, the Pre set must be rejected, and different stars selected.
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3.3.5 Output

The following information is output from the program:
a. eight drill holes, adjusted for comparator;
b. five numbered satellite images, adjusted for comparator;
c. cards to he used in Single Camera Orientation program, including descriptive
information, camera orientation parameters, station coordinates; and
d. cards to be used in Plate Data Reduction program, including comparator
parameters, camera orientation parameters, station coordinates.

This information is written on a tape in card image form, and is later punched
from the tape for use in appropriate places in the remaining procedure.
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4. REDUCTION OF THE MAIN DATA SETS

4.1 Introduction

The reduction of the data in the two main sets of plate measurements is the
heart of the data preparation procedure. Its goal is to produce a set of plate
coordinates, with comparator and operator biases removed, for star and satellite
images in a single consistent plate-centered system, with each image readily
associated with the time of its exposure. To do this, the data must be subjected
to the operations:

a. Comparator reduction, translation to center, test for plate mounting;

b. Patching, to put subsets of data measured at different sessions into one
consistent system;

c. Star and satellite image numbering, using information from the Preliminary
Reduction program;

d. Matching, to combine the two sets of measurements made 180° apart, based
on star images only;

e. Satellite transformation, to apply the results of matching to the satellite
images; and

f. Statistical analysis of the results of the various operations.

4.2 Input

[t will be recalled that each of the two main data sets, A and B. is composed
of several subsets, each representing data measured in different sessions. Each
subset. typically consists of:
a. four pre-session drill holes, class 0, numbered 100 to 400 — five measurements
each;
b. four post-session drill holes, class 0, numbered 100 to 400 — five measurements
each;
c. eight drill holes, pre— and post-session combined, class 3, numbered 100 to
800 — ten measurements each;
d. star images, class 2, numbered with location code and trail number — five
measurements each (representing five images of a trail); and
e. satellite images, class 9, no image number — one measurement each.

The format of these data is:

code no. image x—coord. y-coord.
for plate class number (m) _ (m)
14, I1, 13, F6.6, F6.6

The subsets are assembled with the B set first, followed by the A set. The end
of each set is signaled by a 1-punch in cc. 79 after the B, and a 1-punch in
cc. 80 after the A. These data are now preceded by:

a. eight Pre set drill holes and five numbered satellite images, from Preliminary
Reduction program;
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b. comparator parameters, approximate camera orientation, and station position.
from Preliminary Reduction program:

c. tabulation of exposure pattern, from Independent Day Number program; and
d. tolerances allowed for patching, matching, and star image numbering.

This forms the standard input to program 383, Plate Data Reduction, written for
the CDC 6600.

4.3 Test for Drill Hole Closure

When the input data are read in, the plate measurements are stored on file
TAPE 1 on the computer's storage disk. In addition, the class 0 and class 3 points
are used to test the quality of the measuring during each subset by computing
the amount of change between the measured positions of the drill holes at the
beginning and end of the session. When, in 1968, the necessity of this test became
apparent and all the plates were to be reprocessed, it was necessary to find a
way to distinguish between opening and closing measurements of the drill holes
of these plates. The actual mechanics of this method, which occupy most of
subroutine DRHCHK, are tedious and need not he described in detail. Class 0
points are now used solely for this purpose (see sec. 1.3.3).

When the measurements of a given drill hole have been separated into opening
and closing, the mean x- and y-positions for opening and closing are computed,
and then the difference between the two positions is computed. When all eight
drill holes have been processed this way, the differences are summed. If this
sum, called the closure, is greater than 11.um. or if any drill hole has a difference
between opening and closing of more than 3.5um, the subset is considered
unacceptable and the plate must be remeasured.

After passing through the drill hole closure test, the mean of all positions of
each drill hole is computed. The comparator reduction operation is then applied
to each meaned drill hole position [eq.(1)].

4.4 Patching

Subsets of data measured at different sessions must be put into one consistent
system by relating their drill hole positions. Within each of the A and B sets,
the subset with the smallest drill hole closure is taken as the standard and the
other subsets are transformed to its system. Normally, it is expected that
differences between the subsets will be quite small, since minor
temperature—-humidity fluctuations in the comparator area are the only source
of change. (See appendix A for consideration of large shifts between subsets.)

For each subset of drill holes. a least squares fit is made to the drill holes
of the standard subset for A or B. The fit is based on the equations:

2' = (z-az)(1+5;)cosn + (y—ay)(1+S,)sink 35
y' = —(z-az)(1+S,)sin x + (y-ay)(1+S,)cos x (35)

which are the transformation equations eq.(27). neglecting «. Since this



transformation assumes that rotation x is relative to the center of the final
coordinate system, the results will be incorrect unless all measurements currently
in the comparator system are first shifted to the center of the standard subset
of drill holes. This in turn would cause theoretical difficulties because the final
plate center to which the star and satellite images will be translated prior to
their transformation by the patching parameters is not necessarily the same as
the center of the standard subset to which the patching parameters are being
referenced. In practice, the difficulty vanishes because of the usually small
differences between plate positions for successive subsets. In fact, it is necessary
only to shift the drill hole measurements approximately to the center of the
standard subset, so the first subset of the A and the B is used for convenience,
[eq.(2) and (3)].

Because only eight points are involved, it is possible for one bad measurement
to have a large adverse effect on the patching results. For this reason, a
pre—patching test is applied. The difference between the position of each drill
hole in the standard subset and other subsets is computed and checked against
a tolerance. This tolerance is part of input so may be changed for differing
situations; the usual value is 30um. If the difference is greater than this, the
drill hole is not used in the solution.

The method of solution using least squares is the iterative method, [eq.(28)
to (30)]. After the five transformation parameters for each subset are computed,
they are stored in memory so they may be applied to all measurements within
the subset. When all subsets are completed, the drill holes of each in turn are
transformed in this way [eq.(35)]. In effect, we now have several independent
measurements in a consistent system for each drill hole. These "patched" drill
holes are meaned for sets A and B to give the final values.

4.5 Star and Satellite Images

4.5.1 Plate Center and Test for Plate Mounting

The computation of the center of the meaned drill holes is performed to give
a final value for the center of the plate for sets A and B by eq.(2). This will be
the reference point to which all star and satellite measurements will be shifted.
The test for plate mounting is performed [eq.(4) and (5)], and the signal retained,
if necessary, for reversing all y~coordinates.

4.5.2 Preparation for Satellite Numbering

The prenumbered satellite images from the Preliminary Reduction program
were measured in the Pre set; to use them for numbering the images of the A
and B sets, their measured positions must be transformed in turn to the two
systems determined by the A and B drill holes. A least squares computation
similar to that of patching is performed for each case, using only az, ay, and «
as parameters:

2= (z-az)cosk + (y—ay)sin«k
(36)
y' = - (xz—az)sin « + (y—ay)cos k.

For the B set, the first approximation to x is taken as 180° for the A set, il is
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zero. The resulting values for the parameters are applied to the plate positions
of the prenumbered satellite images, and the transformed positions stored in
memory.

In the normal case the transformed values for these plate positions will differ
very little from the original values, or, in the B set, from a 180° reversal of the
original values. But the operation is done to allow for the possibility of the plate
having been removed from the comparator between the Pre and the A sets, or
an error in turning the plate 180° between the A and B sets.

4.5.3 Reduction of Star and Satellite Image Measurements

The data for the stars and satellites are now read in from peripheral storage
one image at a time. Each measured position is put through the operations of
comparator reduction [eq.(1)], shift to center [eq.(3)]. patching to standard
subset [eq.(35]). and, if necessary, y—coordinate reversal.

4.5.4 Satellite Numbering
The satellite images are to be numbered according to their relation in the
satellite trail to the five pre-numbered images. The procedure for numbering

was devised by Erwin Schmid (1965a).

Given: n point numbers P; (i=1.2....n) and the corresponding plate coordinates
(z;. ¥;). P, and P, are end points of the trail segment. P,, P;,...P,_, are chosen
to make the (n-1) portions of the segment roughly equal.

Find: point number P of a point with given (z,y).

D, = [(z,-2,)% + (y-v,)?]2 noteD, =0
D =[(z-2,)*+(y -y,
(D -=D,)(D -D5)(D -D,)..(D -D,,) (D =D, )(D =Ds)(D -D,)...(D -D,,)

P=Pl

(DI—DZ)(DI _D3)(DI—D4)"'(DI "Dn) T (Dz“Dl)(Dz"Da)(Da"D4)---(Dz‘Dn) (37)

+ p, P =D)D =De)(D =Dy)..AD=Dy) (D =Di)(D=De)(D-Dy)..(D ~Dp-,)
3(Da"Dn)(Ds—Dz)(Da_D4)---(Da_Dn) n(Dn_Dl)(Dn_Dz)(Dn—DG)'-'(Dn_Dn—l)

The integer number nearest P is used as the point number. P as computed is
also printed out to two decimal places as a check. This number should be within
0.1 of the integer value, since regular spacing of the satellite image points can
be assumed because of the high accuracy of the shutter of the BC-4 camera.
If the satellite numbers do not compute close to integer values, it is an indication
that there is an error in the prenumbered satellites, or in their transformation
to the coordinate system of the data. (See appendix B for procedure used with
cameras other than BC-4.)

4.5.5 Star Numbering

The star images must have the rightmost two digits of their numbers assigned
in accordance with the time-based numbering scheme. At one time, the
comparator operator assigned the complete number to each point during the
measurement phase. But this was found to be a source of frequent errors,
especially in the last two digits which must run in chronological sequence. Plates
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exposed to regions near the pole presented a particularly troublesome problem,
since the direction of increasing time is different for every part of the plate.

Under the present procedure, each trail to be measured is marked and its
trail number noted in the pre-measuring phase. The operator, while measuring,
causes the block number (visible on the plate) and the trail number to be
punched in the paper tape with each measurement record. After the exposure
pattern is tabulated and the sequence numbers associated with each trail are
input to the Plate Data Reduction program, the numbering can be completed
automatically.

For each star image the following series of operations are performed. Standard
coordinates ¢,m are computed from the measured plate position, using the
approximate camera orientation parameters [eq.(20).(22), and (23)]. The hour
angle and declination are computed from the standard coordinates, using the
azimuth and zenith distance [eq.(25) and (26)]. Since the star position as computed
from plate measurements is, in effect, adjusted for diurnal aberration, this
adjustment must be removed to get to the star's true position. Refraction is
neglected here because only the relative posmon of the images is of concern.
The correction is based on eq.(12).

1.55x10 % cosp cos H

H =H+
cos 0

When all the images for one star have been processed in this way, the images
are sorted on increasing hour angle. In this way, they are arranged, by definition,
in the direction of increasing time, whatever their appearance on the plate. The
initial sequence number for the particular trail is assigned to the earliest image,
and the remaining images are numbered sequentially. The computed hour angle
and the various intermediate steps are not retained.

There still remains the possibility of error in the location code or trail number
as punched onto tape by the comparator operator. See sec. 4.6.4 for how this
is handled.

4.5.6 OQutput Numbered Raw Data

The patched and numbered star and satellite images have been stored on file
TAPE 3 on the disk. At this point in the program, the raw measurements are to
be output in a form identical to the input except that the star and satellite
images are completely numbered. This will be regarded as raw data for storage
and rerun purposes (see Appendix A). The two sets of data stored on the disk,
the original input version, and the patched and numbered version. are read into
core and matched up. The image numbers from the latter are added to the
former, and the results written on the output tape.

4.6 Matching

4.6.1 Separation of Star and Satellite Images

Because of the different nature of the celestial bodies producing the images,
and because exposure times are different, it is probable that the star and satellite
images have a different appearance on the plate. Therefore, it must be assumed
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that the comparator operator’'s measuring bias was different for the two types
of images.

A rigorous solution would call for the simultaneous adjustment of star and
satellite images, with different biases allowed for in the equation. However, it
was felt that a satisfactory solution could be reached by adjusting the stars
only, then applying the results to the satellites.

4.6.2 Theory of the Matching Operation

Since a perfect physical rotation of the plate between the A and B sets is not
attainable in practice, a transformation between the two sets of measurements
must be assumed. All six parameters of eq.(27) are used. Here « is the difference
between true rotation and 180°. Since the two sets of measurements were each
shifted to the center of the plate as determined from the drill holes of that set,
the real significance of the ax and ay in this formulation is the operator bias.

To eliminate the rotational effects, one set is reversed and a least—squares
fit is made of the entire collection of measured star images between that set
and the other. After this transformation we will have two sets of measurements
in the same framework. These are meaned to give the best value for the positions
of the images.

4.6.3 Choice of Set to be Taken as Standard

This choice was originally made on the assumption that the A set, the first
measured, was better; the program requires the B set to be input first because,
originally, it was always the secondary set. Then a study was done which showed
that, on the contrary, the B set was often better (as shown by smaller drill hole
closures), presumably because the B is often done in the afternoon when the
comparator has warmed up and stabilized.

Now the program has been made flexible, so that whichever set is better may
be used as standard. The drill hole closures of the best subsets of the A and B
sets (those subsets used as the standard for patching) are compared. If the best
subset of the A set has the smaller closure, the A is used as the standard for

matching; if the B set has the smaller closure, it is used. The plate coordinates
of all images in the secondary set are reversed.

4.6.4 Correction of Image Numbers

Images from the two sets are paired off by their image numbers. When all
pairs have been located, there may remain star images in either or both sets
which have no pairs. This is due to one of two reasons:

a. The comparator operator neglected to measure a marked trail in one of the
two sets; or

b. The operator made an «rror in either the block or trail number in one set,
so the trail was misnumbered.

In the latter case there is a possibility of retrieval, since the data actually
are present in both sets. For each unpaired image in the primary set, a search
is made through the unpaired images of the secondary set, comparing plate
positions only. If these are within a certain tolerance, the images are assumed
to be the same, and the number on the secondary set is changed to that of the
primary set. Of course. there is a 50% chance that this is the wrong image
number; if so, the error will he caught at a later stage of the processing.
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The choice of tolerance is a delicate one; if the A and B sets are not close
to a perfect 180° reversal some margin must be allowed. but if the tolerance is
too large, an image may be paired with the wrong image in the trail or even an
image of another star. Such an error would be caught later but the operation
would be wasted. Under normal circumstances the error tolerance is 50um.

4.6.5 Pre-solution Data Check

Before each star image is added to the equation, a pre-matching test is
applied to weed out gross errors. The difference in position between corresponding
images in the two sets must be less than a given tolerance. This is often 100um,
but it may be changed for specific situations.

4.6.6 Least Squares Solution

The equations are expanded in a Taylor's series [eq.(28) and (29)], and normals
set up. The solution is repeated until the convergence test [eq.(30)] is met. All
the images of the secondary set are transformed by the computed parameters
[eq.(27)]. The diflerences between these and the primary set are studied. If any
image has a difference greater than tolerances T,.T,, the image will be rejected
and the solution rerun. The tolerances are:

Yd 2)-2‘- (Zd 2)%
T =3 =22 =3 &2
* (N—6 v N-6

where d, and d, are the differences in 2 and y. This check serves to eliminate
badly measured points not caught by the pre—matching check, and to reverse
the effects of a too-large tolerance in the image renumbering

The solution is completely rerun without the rejected images. The results of
the matching operation are obtained by meaning the primary set of measurements
with the transformed secondary set. These are the final values of the star
positions that will be output at the end of the program.

4.6.7 Statistical Analysis
The following are printed out for visual inspection:
a. computed parameters,
b. inverse of normals,
c. mean errors of position,

2, 1
s M _ l<2d1'>§
§ 2\ N-6
2\ L
S M- l(zdy~>2
d 2\ N-6
2 2\ 4
o = l<—2dz + 2y >= (38)
2 2N-6

(Note: these are just half of the mean errors based on the transformation,
because the error is divided between the two measurements of each position by
taking the final position as the mean of the two.)

507-908 O - 73 - 3
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d. mean errors of computed parameters
i
- oM 5
s; = s¥(Fy)2

where Fa is the diagonal term of the inverse of the normals, and
e. differences for all images, in micrometers.

The program will proceed, but, later, human judgment may be that the mean
error of matching is too high (anything over 2.5um is considered high). Decisions
will then be made as to whether the plate should be remeasured, or the data
rerun with certain points rejected in advance (see appendix A), or if special
circumstances explain a high mean error without prejudicing the data.

4.6.8 Graphical Analysis of Differences

The differences in z and in y are now regarded as two distributions of numbers
and are subjected to histogram analysis. These distributions should approximate
the normal, because after the measurements of one set have been transformed
to the other, the remaining differences should represent random noise only. To
facilitate the comparison, a Gaussian normal curve is superimposed on the
histogram.

The logic for the histogram routine was developed by Erwin Schmid (1965b)
when limited computer facilities made it desirable that the same normal curve
be used for all problems. A standard curve with unit area was used:

_lta

o(t) = e’z

1
Vo 99

To superimpose this curve on the histogram, the latter must be computed
with the class interval, on the t-axis, in multiples of the standard deviation of
the distribution, and the height, on the g-—axis, reduced in scale to make the
total histogram area equal to unity. If A is class width and m the number of
elements in a bar:

area of each bar

mA

YmA = AYm = AM
1

total area of histogram

height scale factor =

aM
m 1 M
led f hist eyl M
scaled area of histogram ZAMA MEm v

The disadvantage of this procedure is that the. resulting coordinates on the
p—axis are very small. For convenience sake, all g—coordinates for both histogram
and normal curve are multiplied by a scale factor of 10.

In the Erwin Schmid method, the class width is always the reciprocal of an
integer, N, so the outer boundaries are adjustable and the choice of number of
classes limited. The mean of the distribution is assumed to be zero.

class width A = l
N

number of classes = 6N+1
6N+1
2N

outer boundaries =
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The boundaries between classes can be computed as:

-<6g;1) + % where j = 1,2,...6N+1
In practice, N is always 2, so the number of classes is always 13 and the ouler
limits are +3.25. Any values falling outside these limits are counted in the ocuter
classes. A more flexible histogram routine was not considered necessary for this
purpose.

The actual plotting is done on an off-line CRT device, the FR-80, from whence
it is transferred to microfilm together with the printed output.

4.7 Satellite Transformation

4.7.1 Operation

Rotation, scale factors, and lack of perpendicularity are all related to the
plate itself, or to the comparator, and are therefore the same for the satellile
images as for the stars. The bias, however, is different. If the transformation
parameters from matching are applied to the secondary set of satellite
measurements by eq.(27). the remaining differences between these and the
primary set will consist ol bias plus random noise. Taking the mean of the
primary and the transformed secondary sets eliminates the bias. The final resulls
for the satellite images consist of these meaned positions.

4.7.2 Statistical Analysis
The following are printed out for visual inspection:
a. differences for all images, in micrometers;
b. mean of differences in x and y = bias;
c. mean error of transformation

oT= (2(«11—&:)2 )

4N
dy=3,)% \z
sy’ = (2( y4N 2 )2
_F 32 _g 12 4
sT =(Z(dz da:) SLE(dy dy) )2 (40)

where d, and d, are the biases in z and y.

=
x

=

4.8 Curve Fit of Satellite Path

4.8.1 General Discussion

The fitting of a mathematical curve to the path of the satellite. and statistical
analysis of the results, is a useful tool in evaluation of the data. The curve fit
is not made to the satellite’'s path in space, but to the x— and y-coordinates
in turn, versus time as represented by the image number. Since the satellite's
path must be smooth in time, the closeness of the measured points to a
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mathematical curve is a test of the photographic, measurement, and reduction
procedures.

Furthermore, it is not the coordinates of the data as measured (ultimately
derived from the plate's orientation in the comparator) that are used, for these
have no functional relationship to the satellite path. For the curve fit, the
coordinates are rotated so that the trail of satellite images lies generally parallel
to the X-axis.

Extensive study was carried out as to what form of mathematical curve should
be used. Polynomials of various orders, as well as combinations of polynomial
and harmonic terms, were tested. It was decided that the fifth—order polynomial
is the optimum form. Another order may be substituted if desired.

4.8.2 Deltermination of Center
The center image number, which will become the zero-point of the time
dimension, is determined by

N, =Yt
2
4.8.3 Rotation of Coordinates
All measured points are rotated to a coordinate system in which the direction
of the X—axis is defined by the two endpoints of the satellite trail (see eq.(4)).

T= tan"‘(————y'_yn)
2.'1 —.‘L‘n

2R =zcosTt+ysinT

y®=ycost-zsinTt

where superscript R means rotated. All subsequent use of x and y in the curve
fit section is assumed to mean rotated, and the superscript will be dropped.

4.8.4 Formation and Solution of Normals
Since the polynomial is linear, solution may be made directly by

T =ag+at+at®+astd+ at, + ast® (1)
41
Yy =bg+ byt + bst? + byt3 + b,t, + bstd

where t = N; — N,, and z and y are rotated. Since the normal matrix for the
two equations is the same, two absolute columns are set up and both are solved
in one operation. The coefficients of the two polynomials are the result.

4.8.5 Residuals and Mean Error
Using the computed coefficients, the polynomial is evaluated at each point by
eq.(41), and the residuals in 2 and y are computed by

vy=2~2
—_— C
Vy=Y¥Y ~Y

where z and y are the original rotated coordinates, and z¢ and y¢ are computed.
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The mean errors for a fifth—order polynomial are:

N-6
_(Zvd)e
2 2\ 1
s€ = (—Z’;?;_%y >2 (42)

where superscript C means curve fit. These give a measure of the trail's lack of
adherence to a smooth curve, the z in the direction of motion, and the y
perpendicular to it.

4.8.6 Residual Check

From experience, the criterion was established that any residual greater than
20um must represent an erroneous point. If any such points are present. they
are eliminated and the solution is repeated. New residuals and new mean errors
are computed.

4.8.7 Graphical Analysis of Residuals: Histogram

In a procedure similar to that for differences after matching, the residuals
in  and y after curve fit are arranged in histograms and plotted. A normal
curve [eq.(39)] is superimposed on each histogram. As in matching, a significant
departure from the normal would show a need for further investigation.

4.8.8 Graphical Analysis of Residuals: Frequency Plot

The mean errors and histograms are averages over the whole curve. It is
possible that the mean error or the distribution might differ from one part of
the curve to another; such differences signal plate distortion or systematic error
of some kind. For this reason, the residuals in 2 and in y are plotted against
their position along the satellite's track length as represented by the image
number. The resulting chart resembles a frequency plot, so it has been given
that name. Figure 6 shows a section of a frequency plot. Visual inspection can
be used to determine if the pattern of residuals is well-behaved.

4.9 Output

4.9.1 Files of Data

The output of the Plate Data Reduction program consists of six files of data.
The first two are the raw data sets A and B with images numbered (described
in sec. 4.5.6). The next file is the output of matching, and the fourth file is the
output of satellite transformation. These comprise the plate measurement data
that will be used in all future computations. The final two files are the differences
after matching and the residuals after curve fit. These are stored on magnetic
tape for possible more detailed analysis in the future.
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4.9.2 Weights

The star position records in file 3 and the satellite position records in file 4
also contain three terms of a weight matrix: the weights for the zx- and
y—coordinates and the correlation term. In the past, experimentation was done
on individual weighting of points, based on factors such as distance from the
plate center and mean error of measurement (if the point was measured more
than once). It was decided to eliminate individual weighting and instead to assign
a weight to the plate as a whole. So all image records carry the individual weight
matrix of 1, 1, 0.

The plate weight is computed and printed after the curve fit routine. Il is
based on the mean error of the star images. The mean error of the curve fit is
assumed equivalent to the mean error of the satellite images. The mean error
of unit weight of the Single Camera Orientation, for which the plate weight is
being computed, is taken as 2.5um.

szstar = sttar measurement T szemulsion + stcintlllation
szcurve fit = S‘zsatellite measurement T Szemulsion + stcintillation
Therefore,
szstar = szshr meas. + szcurve fit — stat.meas.
= (s*)? + (s9)% - (sT)? (43)

where s¥, s7, and s€ are from eq.(38), (40). and (42) respectively. Plate weight

P, is computed by

2.5)2
p, = & (44)

S star
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5. STAR IDENTIFICATION

5.1 Introduction

The final step in preparing the input for the Single Camera Orientation program
(Slama 1972) is to associate each measured star image with the celestial
coordinates of the star and with the time of exposure. This is the purpose of
the last of the three major computer programs, Star Identification and Updating,
program 380 on the CDC 6600.

The input consists of:

a. tolerances for star lookup, usually 3' of arc in right ascension and in declination:
b. weights to be assigned to the stars' celestial positions according to the source
of catalog information;

c. approximate camera orientation parameters (from Preliminary Reduction);
d. Independent Day Number parameters for all exposure times (sec. 1.3.4);

e. reduced star measurements (file 3 of output of Plate Data Reduction).

There is also standard input consisting of the 20,291 stars selected from the
SAO catalog, as discussed in sec. 2.2.1, and a list of second—order day numbers
J and J' taken from the American Ephemeris and Nautical Almanac. These are
maintained on magnetic tape. At the beginning of every run of the Star
Identification program these are stored on the computer disk for access during
processing.

The method to be followed is to compute the approximate celestial coordinates
for each star image, then to search the catalog for an acceptable match. The
time of exposure is located by matching time codes.

5.2 Initial Steps of Processing

The direction cosine matrix is computed from the approximate camera
orientation by eq.(22). The Independent Day Number parameters are read in and
stored in array DAYNUM. For each of up to 90 exposure times there are eight
parameters in storage: the local sidereal time of exposure, and the G, H, f. g.
h, i, and T parameters. The corresponding time codes are stored in XTRL. DAYNUM
and XTRL are sorted on increasing time code.

The star image measurements are read in and stored in array DATA. The seven
pieces of information for each image include z and y measurements, weights in
z and y and their correlation, the image number, and the time code. DATA is
sorted on increasing image number.

5.3 Approximate Celestial Coordinates

5.3.1 Coordinates at Time of Exposure
Using the plate measurements and the direction cosine matrix, approximate
standard coordinates are computed for each image, using eq.(20) and (23). These
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in turn are used to compute the azimuth and zenith distance by eq.(25). Since
this zenith distance is computed from a plate position, it is necessary to remove
the eflects of refraction (neglecting diurnal aberration) to get a better
approximation of the star's position by

22=z2+R

where z is the distance as computed, z' is after refraction effects are removed,
and R is as defined in eq.(13).

The hour angle and declination are then computed by eq.(26). To compute
the right ascension it is necessary to know the local sidereal time. The time
code for each image is matched with the time codes in XTRL, and the appropriate
set of parameters located in DAYNUM.

5.3.2 Coordinates as of 1950.0

The local sidereal time is stored in the seventh element of DATA for the image,
replacing the time code which is no longer needed. The star position is backdated
to the nearest Besselian year, the reverse of the process in eq.(11), and neglecting
proper motion and the J and J' terms.

a’=a—[f+gsin(a+0)tand+w]

cosd
6'=06-[gcos(a+G) + hcos(a+H)sind +icos d]

In the early days of satellite triangulation, prior to the publication of the SAO
catalog, the Boss and N30 catalogs were used. With these, the method of annual
and secular variation was used for updating and also for bhackdating the
approximate positions. When the SAO catalog and the Scott—Hughes (1964) method
of updating came into use, it was not necessary to change the backdating
procedure because this usage is an approximation. Proper motion is neglected.
In radians:

AT AT
Ogo = &' — ——=I = (—=)3I
100 100
AT AT (45)
650=6'——]'—(_)211‘
100 100

where agy, 05 are the right ascension and declination for 1950, and

I = .02234945 + .0097169024 sina tan ¢
I' = .0097169024 cos &
II = .000006763151 + (.0048584512 ] cos a — .0000020604581 sin a)tan &

+.0048584512 /' sin a/cos?® §
II' = -.0000020604581 cos a — .0048584512 / sin a.

5.3.3 Storage of 1950 Coordinates

Each series of (usually) five images in a trail will have approximately the
same star coordinates. A mean is taken of these to arrive at a single approximation
for each star measured. The resulting positions are stored in array COORD. Also
in COORD are the mean declination for the time of observation, the star number
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(location code plus trail number), the number of images in the trail, and the
position in array DATA of the first image of the star. After all stars have been
entered in COORD, the array is sorted on increasing right ascension.

5.4 Star Lookup

5.4.1 Catalog Information

The catalog is stored on the disk in 298 groups of 68 stars each, plus a partial
299th group, arranged in order of increasing right ascension. There are six pieces
of information for each star: 1950 right ascension and declination, proper motion
in each, catalog number, and source catalog. The last two items require a brief
explanation. The catalog number is not the one assigned by SAO, but one used
for internal convenience only. The source catalog is the origin of the information
as listed in the SAO catalog, which was compiled from previous sources. The FK4
catalog is known to be more accurate than other sources; therefore, stars from
this catalog are to be given more weight in the Single Camera Orientation
procedure. An array RTSV in core contains the maximum right ascension of the
data blocks on the disk.

§.4.2 Principles of Catalog Search

a. The range of possible values of right ascension is computed as the approximate
right ascension minus and plus a tolerance. Within this range, any star within
the declination tolerance is assumed a match.

b. Matching with the updated rather than the 1950 position is the final criterion.
c. Binaries have not been completely removed from the catalog, so it is possible
that a measured star could pass all tolerance tests with the wrong star of a
pair. For this reason a test must be made that there are not a pair of stars
meeting the criteria; if there are, the measured star is not identified, but remains
in the solution as an unknown. .

d. The stars from the catalog actually searched for each identification are limited

to a maximum of 68: either a single block from the disk, or a composite of two
contiguous half blocks. Experience has shown that in practically all cases the

range of right ascensions falls within such a grouping.

5.4.3 Location of Right Ascension Range in Catalog

After a star's range has been computed, the program logic, by comparison
with array RTSV and with the section of catalog currently in core, determines
whether the range is contained within the current section, within a single block
on the disk, within two contiguous half blocks on the disk, or falls under one
of three special cases concerned with the upper and lower ends of the catalog.
The appropriate section of the catalog is then brought into array STARS.

5.4.4 Determination of Match

For each catalog star within the right ascension range. the declination is
tested. If it falls within the declination range, the catalog star is updated to the
initial time of observation for the trail, and the declinations are again compared.
The position of the star for both 1950 and time of observation is stored in array
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ST, together with the star weight matrix assigned according to the source of the
catalog information: 2.95, 2.95, 0 is used for FK4 stars, and 1.66, 1.66, 0 for all
others. (These are based on a mean error of .3" for the FK4 stars and .4" for
others, with a mean error of unit weight of 2.5um.) There are two columns in
ST, so that if two matches are found they are both stored, the one with the
updated declination closest to the original approximation in the first column.

After all stars within the range have been checked, a decision is made whether
the star is identified, unidentified, or binary. The last is the case if there are
two stars in array ST whose updated declinations are less than 20" apart. If no
matches were found, it is unidentified. If one match was found, or two matches
were found with more than 20" difference in declination, the star in the first
column of ST is taken as the identity.

For an identified star, the updated coordinates in ST are transferred to COORD,
replacing the approximate coordinates. For unidentified and binary stars, the
star number in COORD is made negative as an indicator.

5.4.5 Unidentified Stars

A star will not identify for one of several reasons:
a. an error was made in choosing for measuring an image that did not appear
on the star chart, i.e. is not in the selected catalog,
b. the renumbering procedure in section 4.6.4 assigned the wrong trail number
to an image, so that it was later associated with the wrong exposure time, or
c. the approximate camera orientation parameters are incorrect. In this case
many or all stars will fail to identify so the error will be obvious.

5.5 Output

5.5.1 Combined Trails

The stars in COORD are rearranged so that stars with the same catalog number,
if any, are together, and all unidentified stars are grouped at the end. As discussed
in section 1.3.3, several trails of the same star may be measured. The differing
backdating parameters applied to the coordinates of these images in different
areas of the plate result in approximately the same 1950.0 star coordinates; the
same star will be identified for each of the trails.

Since the celestial position of this star represents only two pieces of information
no matter how many times it is used, it is necessary to combine all the trails
of images for the input to Single Camera Orientation. To signal that this has
been done, the star number is changed to an arbitrary number, sequentially
from 1 for the first combined star on the plate.

5.5.2 Output Star Record

The updated star position is output from COORD to magnetic tape. In the case
of a combined star, the star number is changed as explained above, and the
number of images is now the total for all trails; for an unidentified star the only

quantities output are the number of images and the star number. The format
used is:
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rt. asc. dec. star weight star no. no. of catalog
matrix images no.

E14.7, E14.7. 3E10.3, 2X, 16, 2X, I3, 1X, A6

The star record is immediately followed by its associated images.

5.5.3 OQutput Image Records

The associated image data for the star is located in DATA by means of the
initial location stored in COORD. If the star was combined, as many trails as
necessary are located. Each image is output to magnetic tape in format:

X y plate weight image star LST
matrix no. no.

F12.10, F12.10, 3E10.3, 2X, I6, 16, F11.8
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6. SATELLITE DATA

The contents of file 4 of the output of Plate Data Reduction are now ready
to be used as input to the Satellite Image Reduction program (Hanson 1973)
without further treatment. The format of each record is:

X y plate weight class image
matrix no.
E14.7, E14.7, 3E10.3, I2, 16

Also input to the Satellite Image Reduction program are the camera orientation
parameters resulting from Single Camera Orientation, plus exposure time for
the initial image, and time interval between exposures for the plate. The exposure
time for each satellite image after the initial image will be computed in the
program:

where 1 refers to the initial image, N is image number, and A the time interval.
For the BC—4 camera, A is assumed constant to 10 microseconds. See appendix
B for modifications necessary for other cameras.
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APPENDIX A. PROVISIONS FOR REPROCESSING DATA

At the time of the reformulation in 1968, all plates already processed were
rerun under the new formulation. A data management decision had previously
been made that the raw data directly from the comparator was not to be retained,
but the first-step results of numbered images were to be accepted as a sufficient
base. So, for rerun purposes, a program was written that is parallel to Plate
Data Reduction, but takes into account the differences in input. This program
is referred to as 382.

Even though the rerun has now been completed, there are circumstances
under which a plate currently being processed might be rerun shortly after its
initial passage through Plate Data Reduction. The most common reason is a
badly measured point (or points) which show up with high residuals after matching
or after transformation of satellite images. It is desirable to rerun with these
points removed to obtain results undistorted by their presence. Another possible
occurence is that of a plate rotated by an amount significantly different from
180° between the A and B sets. Unless this is known in advance, the input
tolerance for the pre-matching check (sec. 4.6.5) will be the standard 100um
and many images will be rejected on this basis. When this has been noted in the
first run, an immediate rerun takes place with a higher tolerance. Because the
use of a standard procedure for rerun is efficient and convenient, all reruns
take place on 382 even though the original input to 383 may still be available.
The input to 382 consists of the first two files of output of 383.

The special characteristics of 382 have been determined by its double purpose
of rerunning both old and new plates. For the old plates it contains various
options to allow needed flexibility in the input data, because the plates were
measured in various ways through the years of development. For the new plates,
the default condition on all the options is such that the numbered raw data
output from 383 goes directly in.

The most substantial difference between 382 and 383 is that 382 does not
contain the star—numbering routine. Since this procedure is quite insensitive to
errors in input assumptions, being concerned only with relative position, it is
assumed that once the star images are numbered there is no need for a repetition.
The satellite numbering routine, on the other hand, is sensitive to various errors
and is a frequent reason for rerunning. So even though the satellite images have
numbers in the input to 382, these are ignored and the procedure is repeated
in the program.

To carry out its function of rerunning current plates with problem conditions.
382 contains several options for manipulating data prior to the various processing
steps.

a. Up to 100 images of any type may be rejected at the time of input. This
permits the removal of trouble—making images without the necessity for
recreating the data file containing the input.

b. If there was a large plate shift between subsets, the processing of the plate
could have been completed by using a large tolerance for the pre—patching test.
But this masks the real purpose of the test, which is to test for irregularities
in the measurement of the drill holes. To get a better picture of the patching
‘operation, the large shift computed during the first patching run may be applied
to the drill hole positions prior to patching in the rerun. The standard tolerance
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may then be used, and the patching computation can reveal small differences
in the drill hole measurements, as it is intended to do.

c. The same principle is true for the matching operation; in fact, differences
between the A and B sets are more common and more important than those
between subsets. There is also an option to apply a shift or rotation to the B
set prior to matching.

d. Another common reason for rerunning, erroneous satellite numbering, is
caused by problems in the Pre set. A rerun of Preliminary Reduction may be
necessary, but no special options are needed in 382.

507-008 O - 73 - 4
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APPENDIX B. CAMERAS OTHER THAN BC-4

The BC-4 ballistic camera, used by the National Geodetic Survey for the
Satellite Triangulation project, has a very accurate shutter mechanism; exposure
times can be controlled to 10 microseconds. As discussed in section 6, the
procedure for associating each satellite image with its exposure time depends
on this accuracy.

Certain stations in the Satellite Triangulation system have been operated by
other groups cooperating with NGS, but using different kinds of equipment. Since
NGS has the responsibility for measuring and processing all plates, a different
satellite procedure had to be developed for plates exposed by cooperating agencies.
This procedure is embodied in program 697, Plate Data Reduction for Non-Uniform
Times.

The brush tape time record tells the times at which the shutter was open,
so each satellite image can be associated with its time. The problem is how this
can be done efficiently and in such a way that the results can be merged with
those plates exposed during the same event in BC-4 cameras.

A different system of numbering is used, in which the image number represents
actual time rather than a number of increments of time. A base time is selected,
which must be the same as or earlier than the initial image times of all plates
in the event, and must be in the exposure time series of the plate(s) exposed
in BC—4 cameras, so it can be used as time 1 in this series. For the nonuniform
plates the image numbers are computed from:

N, = (T, - To) 105

where T; and T, are the exposure time and base time in seconds.

The star image numbering is also done in a preliminary run. Then the data
are processed in program 697, which is parallel to 383 in most ways except for
the absence of image numbering. Because of the different form of satellite image
numbers, there are differences in storage methods, and scale factors are applied
to image numbers in curve fit and the frequency plot for more convenient
handling of the large numbers.

When satellite coordinate records are input to Satellite Image Reduction
(Hanson 1973), a signal indicates whether or not the camera had uniform timing.
For uniform plates, eq.(46) is used to compute exposure time. In the case of
nonuniform timing, the exposure time is computed as:

T, = T‘ + (N, - N‘) 10-5

where i refers to the initial image on the plate.



APPENDIX C. PROGRAM LISTINGS

PROGRAM PRELIM (TAPEZ2,TAPE4,QUTPUT)

DIMENSION A(6),IPUNC3),AN(6) ,DATE(2),0PER(3),S8TSA(2),STLO(2),
IST(6),STHWE(2) ,REC(20),RL(34) ,XF(8),YF(8),D8X(20),DSY(20),
I1DSD(20)>,IDPT(20),XC10),Y(10) ,NXY(10),NUMC10),ITRL(90),R(21),
STL(9),STR(90),GCPR(90) ,HCPR(90),FFR(90),GSMR(90),HSMR(90),
SMIR(90),TAU(90),ITRAC10),0(3),D0C(3,3),00(3),ALSC10),DLS(10),
PSI¢10),ADAC10),CATNAC10),F(8,12),5(20,9),VS(10,2)

COMMON /CDBUF/ LENGT,NEXT,JFIRST,INBUF,BUFF(1024),JS,IP

COMMON /ODBUF/ LENG,NEX,IFIR,IBUF,BUF(1024),ENDFLQ,IQ

DATA (RDG=.17453292519943E-1),(RMIN=.29088820866572E-3),
(RSEC=.48431368110953E-5), (RHR=.26179938779915),
(RTMIN=.43633231299858E-2),(RTSEC=.7272205216643E~4),
(RDTOGR=63.661977),(AP0=.29137566E-3),(AP1=.3227865E-6),
(AP2=.10225E-8),(PCON=6370000.),(BETA=.3665E-2),(P0=76C.),
(T0=0.)>,CIDUM1=13),CIDUM2=5),C(IDUM3=43), CIDUMS=71),<CIDUMO=0),
(ZERO=0.), (BLANK=1H )

DATA (1P=26012005350000000000B),(1G=240120053700000000008),

1 (IEF=100000000000008)

12YX = 0

CALL PATCH

IFC(IZYX.EQ.0) GO TO 100

PRINT 899, (BUFF(I),I=1,1024)

IFCCJS.AND.IEF) .NE. 0) GO TO 100

CALL LTRIO (IP,4B,XX,XX,JS)

100 12YX = 1

IFC(ENDFLG.EQ.0.) CALL LTRIO (IG,115B,XX,XX,KS)>
ENDFLG = 1.

LENGT @ LENG = ©

NEXT = JFIRST = 1

NEX = IFIR = 1

CALL DBUF(0)

CALL DBUF(1

DECODE (80,1,BUFFCINBUF)) ISTEP,(AC]),1=1,6)
PRINT 801,ISTEP,(ACI),I=1,6)

CALL OBUF(1)

ENCODE (80,20,BUFCIBUF)) ISTEP,(ACI),I=1,6)

Wi~ ulN—

N =

c
C READ AND PRINT GENERAL INFORMATION
CALL DBUF(1)
DECODE (80,2,BUFFC(INBUF)) EV,PL,COMM,IODR, C1PUNCI),I=1,3),1STAT
1 ,IPRE
IFCIODR.LT.1) IODR B 0
DO 102 1=1,3
IFCIPUNCI).LT.%) IPUNCI) = 0O
102 CONTINUE
CALL DBUF(1)
DECODE (80,3,BUFF(INBUF)) ISTA1,(ANCI)>,I=1,3),1SIGS,PHILH,PHILM,
1 PHILS,XLAMLH,XLAMLM, XLAMLS ,EL1
CALL DBUF(1)
DECODE (80,3,BUFFC(INBUF)) ISTAZ,(AN(]1),1=4,6),ISIGR,PHIRH,PHIRM,
1 PHIRS,XLAMRH,XLAMRM,XLAMRS ,EL2
CALL DBUF(1)»
DECODE (80,4,BUFFCINBUF)) CAM,UNIT,DATE,OPER
CALL DBUF(1)
DECOUDE ¢80,5,BUFFC(INBJF)) TEM,PRES,XPC,YPC
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C
c

c
c

i

1

IPAGE=1

PRINT 802, IPAGE

PRINT 803,EV,PL

PRINT 804, COMM

PRINT 805, 10DR, IPUN

PRINT 806,CAM,UNIT,DATE,OPER

PRINT 807,TEM,PRES,XPC,YPC

IFCISIGS.LT.1)ISIGS=0

PRINT 808

PRINT 810,ISTA1,(ANCI)>,1=1,3),1S1GS,PHILH,PHILM,PHILS,XLAMLH,
XLAMLYM XLAMLS ,ELY

IFCISTA2.NE.ISTAT) PRINT 901, ISTAT

IFCISIGR.LT.1)ISIGR=0

PRINT 809

PRINT 810,1STA2,(ANCI),I=4,6),1SIGR,PHIRH,PHIRM,PHIRS,XLAMRH,
XLAMRM,XLAMRS ,EL2

IFCIODR.EQ.1) GO TO 105

READ AND PRINT DATA RECORD (OPTIONAL)

103

1

1

CALL DBUF(1)

DECODE (80,6,BUFF(INBUF)) STSA,STLO,STLA,STSR

CALL DBUF(1)

DECODE (80,7,BUFF(INBUF)) (IST(I1),I=1,6),EMT,STHE

CALL DBUF(1)

DECODE (80,8,BUFFCINBUF)) (REC(I),I1=1,11)

CALL DBUF(1)

DECODE (80,9,BUFFC(INBUFY) (REC({)>,I1=12,17)

CALL DBUF(1)

DECODE (80,10,BUFFCINBUF)) (IST(1),1=7,12),(REC(1),1=18,20)

IPAGE=IPAGE+1

PRINT 811, IPAGE

PRINT 812,EV,PL,STSA,DATE

PRINT 813,ISTA1,(ANCI?,1=1,3),STLO,PHILH,PHILM,PHILS,XLAMLH,
XLAMLM,XLAMLS ,EL1

PRINT 814,UNIT,CAM,STLA,CIST(1),[=1,6),STSR,ENT,PRES,STHE

PRINT 815,(RECC(I),[=4,7),(RECCI),I=1,3),(REC(]1),I=8,11),(REC(I),
1=18,20)

PRINT 816,REC(12),REC(14) ,REC(16),REC(13),REC(15),REC(17)

PRINT 817,CISTC(I),1=7,12),XPC,YPC

PRINT 818

CALL DBUF(1) .

DECODE (80,11,BUFFCINBUF)) IRMT

PRINT 11

IFCIRMT.EQ.0) GO TO 103

READ IN COMPARATOR PARAMETERS
105 CALL DBUF(1)

107

DECODE (80,12,BUFFCINBUF)) CRI

CALL DBUF(1)

DECODE (80,13,BUFF(INBUF))> ICOM,(RLCI},I=1,4)
DO 107 I=5,30,5

J = I+4

CALL DBUF(1)

DECODE (80,12,BUFFCINBUFY) (RL(K),K=1,J)
CONTINUE

IPAGE=IPAGE+1

PRINT 819, 1PAGE
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o
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PRINT 803,EV,PL
PRINT 820,1COM
PRINT 821

PRINT 822
NCT=12
SINA=RL(17)

READ IN MEASURED PRE SET
J=NOPT=M=ISR=IDH=IND=0

110 CALL DBUF(1)
OECODE (80,14,BUFFCINBUF)) NPLT,ITYP,NPT,G,H,ITEST
IFCITYP.GT.7) GO TO 115

IF(NCT.LT.64) GO TO 112
IPAGE = [PAGE+1
PRINT 819, IPAGE
PRINT 823
PRINT 803,EV,PL
PRINT 822
NCT = 9
112 IG = G*1.E+6 + .1
IH = H+*1.E+6 + .1
PRINT 824,1TYP,NPT,IG,IH
NCT=NCT+1

MEAN MEASUREMENTS OF SAME POINT
115 IFC(NOPT.NE.O) GO TO 118
117 NOPT = NPT
ID = ITYP
N=SUMX=SUMY=0.
118 IF(NPT.NE.NOPT.OR.ID.NE.ITYP) GO TO 125
N = N+1
IF(N.LE.25) GO TO 120
PRINT 902,NPT
NCT=NCT+3
N=N-1
GO 70 122
120 SUMX = SUMX + G
SUMY @ SUMY + H
122 IFCITEST.EQ.0) GO TO 110
125 TN = N
X2 B SUMX/TN
YZ B SUMY/TN

APPLY COMPARATOR REDUCTION

130 X6 = X2+*RL(14) + Y2xSINAx*RL(C15)
Y6 B Y2*RL(15)
IFCID.EQ.3) GO TO 131
IF(M.EQ.8) GO TO 142
PRINT 903
CALL LTRIO (IP,4B,XX,XX,KkS)
GO TO 100

STORE DRILL HOLES FOR COMPUTATION
131 M B M+
IFC(NOPT/100.EQG.M) GO TO 132
PRINT 903
GO 10 117
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132 XF(M) = X6
YF(M) = Y6
IF(M-8) 117,135,131

C
C COMPUTE CENTER OF DRILL HOLES
135 CALL PLTCEN(XF,YF,XC,YC)
D13 B SORT((XF(3)-XF(1))*x2 + (YF(3)-YF(1))*xx2)
D24 = SART((XF(4)-XF(2))*xx2 + (YF(4)-YF(2))*xx2)
c
C COMPUTE ROTATION TO FIDUCIAL SYSTEM, AND ORIENTATION OF COORDINATES
DELX @ XF(3) - XF(1)
DELY = YF(3) - YF(1)
CALL ANGLE(DELY,DELX,TAUL)
SNTL=SIN(TAUL)
CSTL=COS(TAUL)
YCON=1.
F2 = (YF(2)-YC)*CSTL - (XF(2)-XC)*SNTL
F4 = (YFC&)-YC)=CSTL - (XF(4)-XC)*SNTL
IFC(F4 . LT.F2) YCON B -1.
C
C STORE ORILL HOLES AND SATELLITES FOR OUTPUT
IT =0
138 II = I1+1
X6 = XF(ID)
Y6 = YFCID)
NOPT=11x100
1D=3
142 X11 = X6 - XC
Y11 = (Yé - YC)«YCON
IFCID.EQ.2) GO TO 145
IDH = IDH+1
IFCIDH.LE.20) GO TO 143
PRINT 905
GO TO 150
143 DSX(IDH)=X11
DSY(IDH)=Y11
IDSDC(IDH>=1ID
IDPTCIDH)=NOPT
IFCII-8) 138,150,150

([ M)

STORE STARS FOR OUTPUT

145 ISR B [SR+1
IFCISR.LE.10) GO TO 147
PRINT 904
60 70 150

147 XCISR)Y=X11
YCISRY=Y11
NXYCISR)=NOPT
NUMCISR)Y = NOPT/1000

150 IFCITEST.EQ.1) GC TO 160

[gn I o ]

PROCESS SATELLITES
IFCITYP.LE.7) GO TO 117
151 IF(NCT.LT.64) GO TO 152
IPAGE = IPAGE+1
PRINT 819, IPAGE
PRINT 823



PRINT 803,EV,PL
PRINT 822
NCT = 9
192 IG = G*x1.E+6 + .1
IH = Hx1 . E+6 + .1
PRINT 824,I1TYP,NPT,IG,IH
NCT=NCT+1
IFCIND.EQ.O) GO TO 155
IND = 0
GO TO 130
155 X2 = G
Y2 8 H
NOPT = NPT
ID o ITYP
N = 1
CALL DBUF (1)
DECODE ¢80,14,BUFF(INBUF)) NPLT,ITYP,NPT,G,H,ITEST
IFCITYP.GE.7) GO TO 130
IFCITEST.EQ.1) GO TO 130
IND B 1
GO TO 151
C
C OQUTPUT DRILL HOLES, SATELLITES AND STARS (OPTIONAL)
160 IPAGE = ]PAGE+1
PRINT 819, IPAGE
PRINT 823
PRINT 803,EV,PL
PRINT 825
PRINT 826,013,D24,XC,YC
PRINT 827
CALL OBUF(1)
ENCODE (80,50,BUF(IBUF)) IDUM1
1IEND = 0
DO 170 I=1,1DH
IFCIPUNC1).EQ.1) GO TO 168
IFCI.EQ.IDH) IEND = 1
CALL OBUF(1)
ENCODE (80,21,BUFCIBUF))Y DSXC(I),DSYCI),1IDSDCI),IDPT(I),PL,IEND
168 PRINT 828,DSXC1)>,DSY(1),IDSDCI)Y,IDPTC(I),PL
170 CONTINUE
CALL OBUF(T)
ENCODE (80,50,BUFCIBUF)) IDUM1
DO 175 I=1,ISR
iID @ 2
IFCIPUNC(2).EQ.1) GO TO 173
CALL OBUF(1)
ENCODE (80,21,BUFCIBUF))Y X(I),YCI),ID,NXYCI),PL
173 PRINT 828, XCID),YC(1),ID,NXYCD),PL
175 CONTINUE
C
C READ IN UPDATING PARAMETERS
IPAGE=IPAGE+1
PRINT 829, IPAGE
PRINT 803,EV,PL
PRINT 821
PRINT 830
NCT=17
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I[IH @ o
J =[S =1
CALL DBUF(1)
DECODE (80,15,BUFFCINBUF)Y) ITRL(J4),PLT,IYEAR,MONTH, JDAY
IFCPL.EQ.PLT) GO TO 1385
PRINT 910,PL,PLT
CALL LTRIO (IP,4B,XX,XX,JS)
GO TO0 100
185 CALL DBUF(1)
DECODE (80,12,BUFFCINBUF)Y)Y (RC(I),1=1,3)
CALL DBUF(1)
CALL DBUF(1)
DECODE (80,12,BUFFCINBUF)) (R(1),I1=4,6)
CALL DBUF(1)
DO 190 [=7,19,3
12 o [+2
CALL DBUF(1) :
DECODE (80,12.BUFFC(INBUF))> (R(K),K=1,12)
190 CONTINUE
IF(NCT.LE.S3) GO TO 192
IPAGE = IPAGE+1
PRINT 829, IPAGE
PRINT 823
PRINT 803,EvV,PL
NCT o 7
192 PRINT 831,ITRL(J),PLT,IYEAR,MONTH, JDAY
PRINT 832,(R(I),I=1,21)
NCT=NCT+9
PHI = R(1)*RDG + R(2)*RMIN + R(3)*RSEC
STR(J)Y B R(4)>*RHR + R(S5)*RTMIN + R(6)>*RTSEC
IT @ ITRLCJ?

STLCIT) = STRCJ)

GCPR(J) = R(7)«*RHR + R(8)*RTMIN + R(9)*RTSEC
HCPR(J) =R(10)*RHR +R(11)*RTMIN +R(12)*RTSEC
FFR(J) B R(13)«RTSEC

GSMR(J) B R(14)*RSEC

HSMR(J) B R(15)*RSEC

SMIR(JY = R(16)+*RSEC

TAUCJ)Y B R(17)

J = J+1

o
C READ IN STAR POSITION
195 CALL DBUF(1)
DECODE (80,16,BUFF(INBUF)) RA,PMRA,DEC,PMDC,CATNO,MTYP,MPT,
1 ITRLCJ),PLT,MTEST
IFCMTYP.EQ.0> GO TO 185
Jd = J-1
IF(ITH.EDQ.1) GO TO 200
IF(NCT.LE.52) GO TO 197
IPAGE = IPAGE+?
PRINT 829, IPAGE
PRINT 823
PRINT 803,EV,PL
NCT = 7
197 PRINT 833
FTH=1
NCT = NCT+5



c
C MATCH STAR POSITION WITH STAR MEASUREMENTS
200 DO 205 L=1S,ISR

IF(NUMCL).EQ.MPT) GO TO 210

CONTINUE

IF(MTEST.EQ.0) GO TO 195

GO TO 260

IF(L.EQ.IS) GO TO 212

TEMP X(L)

XL X(Is)

X(IS) o TEMP

TEMP YL

YL YCIS)

YCIS) TEMP

TEMP @ NXY(L)

NXY (L) NXY(IS)

NXYC(IS) TEMP

TEMP 2 NUMCL)

NUM(L) NUMCIS)

NUMCIS) B TEMP

205

210

c
C COMPUTE TRAIL NUMBER
212 ITRACIS) (NXYC(IS)-NUMCIS>*1000>/100
PRINT 834,RA,PMRA,DEC,PMDC, CATNO,MTYP,MPT, I
NCT=NCT+1
PMRA o PMRA+*1.E-02
PMDC PMDC+1.E-02

c

C UPDATE
XL=
YL=
z
PMX
PMY
PMZ
PMSQ
PMXD
PMYD
PMZD.
750
Q¢
Qc2)
a¢3)
T
TS0

TO YEAR OF OBSERVATION
COS(RA) «COS(DEC)
SINC(RAY*xCOS(DEC?
SINC(DEC)

~PMRA*COSC(DEC) *SINC(RA)
PMRA+*COS(DEC)>*COS(RA)
PMDC*COS(DEC)
PMRA+*PMRAxCOS(DEC)*COS(DEC)
-XL* PMSQ
-YLx PMSO

-2 « PMSG
.5*R(18)*R(18)
XL+ PMX*R(18)
YL+ PMY*R(18)
2 + PMZ2xR(18)
RC(18)7/100.

T T

TCU TSQ « T

DELTA 2304 .948+«T +
ZETA B (DELTA + .791xTSQ) + RSEC

DELTA DELTA » RSEC

THETA (2004.2555*T - .426+«TSG - .042xTCU)
DCC1, 1) COS(DELTA)*COS(THETA)*COS(ZETA)
DC(1.2» -SIN(DELTA)*COSC(THETA)*COS(ZETA)
DC(1.3) -SINCTHETA)*COS(ZETA)

DC¢2, 1 COS(DELTA)*xCOSC(THETA)*SIN(ZETA)
DC(2,2)» -SINCDELTA)Y *COSC(THETA)Y*SIN(ZETA)
DC(2,3 ~SINC(THETA)*SIN(ZETA)

DC(3,1) COS(DELTAY*SINCTHETA)

- PMDC»COS(RA)
- PMDCxSIN(RA)D

+ PMXD+TSQ
+ PMYD+*TSQ
+ PmMZD*TSO

.302+TSQ +

.018+TCU

53

TRACIS),PL

*SINC(DEC)
*SIN(DEC)

+ PMDC+PMDC

* RSEC
- SINCDELTA)=SINC(ZETA)
- COS(DELTA)=SINCZETA)
+ SINC(DELTA)*COS(ZETA)
+ COS(DELTA)=COS(ZETA)
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215

o

222

oo

225

o0

AD

230

C
C AD
235

238

240

DC(3,2) = ~-SIN(DELTA)*SIN(THETA)
DC(3,3) = COS(THETA)
DO 215 1=1,3

Qa¢Iy = 0.

DO 215 k=1,3
0G¢I)> = QG(I) + DCCI,K>*xQ(K)
CONTINUE
CALL ANGLE(O0G(2?,0Q¢1),RTASC)
SQ@ = SORT(QAC1)*0QQ(C1) + QQC2>+00(2))
DECL = ATAN(QQ(3)/SQ)

MATCH WITH UPDATING PARAMETERS

Do 222 I=1,JJ
IFCITRLCI) . EQ.ITRACIS))Y GO TO 225
CONTINUE

PRINT 906, ITRACIS)

NCT=NCT+3

IF(MTEST.EQ.0) GO TO 195

GO TO 260

UPDATE TO TIME OF OBSERVATION

ASTAR = RTASC + FFR(1) + TAUCI)*PMRA + GSMR(I)*TANCDECL)*SINC(RTASC
1 +GCPR(IY) + HSMR(I)+*SIN(RTASC+HCPR(1)>>/COS(DECL)

D = DECL + TAUCI)*PMDC + HSMR(I1)+*SIN(DECL)*COSC(RTASC+HCPR(I)) +

1 GSMR(I)«COS(RTASC+GCPR(1)) + SMIR(I)*COSKDECL)

ALS(IS) = ASTAR

DLS(IS) = D

JUST FOR DIURNAL ABERRATION
IDA = 1

SLAT = SIN(PHI)

CLAT = COS(PHI)

HPR = STR(I) - ASTAR

SHPR SIN(HPR)D

CHPR @ COS(HPR)

SNOL = SINCD)

CSDL = COS(D)

IFCIDA.EG.2) GO TO 235

ASTAR = ASTAR + (.0213+RTSEC+*CLAT*CHPR)/CSDL
D =D + .32*RSEC+*CLAT~SHPR+*SNDL

IDA = 2

GO TO 230

JUST FOR REFRACTION
CSZ @ SNDL+*SLAT + CSDL*CHPR*CLAT
IF(ABS(CSZ).LT.1.) GO TO 238

REF = 0.

GO TO 240

SNZ @ SQGRT(1.-CSZ+CS2)

TNZ @ SNZ/CSZ

SNQ@ = SHPR=*CLAT/SNZ

CSQ = (SLAT - SNDL*CSZ>/(CSDL*SNZ)

RM = APO*TNZ - AP1+TNZ#*+3 + AP2*TNZ+#*5

PABAR = R(20)#(1.-.00264*C0S(2.+PHI) - 2.*R(19)/PCON)
REF = RM*PABAR+«(1.+BETA*TO0)/(PO*(1.+BETA*R(21)))

OP = D + REF*CSO

SOP = SIN(CDP)
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C

CoP = COS(DP)
APSTR = ASTAR + REF+*SNQ/CDP

COMPUTE STANDARD COORDINATES
HPR = STR(1) - APSTR
CHPR = COS(HPR)
(SZ = SDP+SLAT + CDP+CHPRxCLAT
PSICIS) = (CLAT+*SDP-SLAT*CDP+CHPR)/(CS2Z
ADACIS) B -CDP*SIN(HPR)/CSZ
CATNACIS) B CATNO

TEST FOR END OF DATA
IS = IS+
IFCIS.GT.ISR) GO TO 250
IF(MTEST.EQ.0> GO TO 195
GO TO 260
250 IF(MTEST.EQ.1) GO TO 260
CALL DBUF(1)
DECODE (80,17 ,BUFFC(INBUF)) MTEST
GO TO 250

OUTPUT STANDARD COORDINATES (OPTIONAL)
260 1S = 1S8-1

IPAGE = IPAGE+1

PRINT 829, IPAGE

PRINT 823

PRINT 803,EV,PL

[FCIS.EQ.ISR) GO TO 262

IS1T = 18+1

PRINT 907

DO 261 I=1S51,ISR

PRINT 908,NXY(I)
261 CONTINUE
262 PRINT 825

PRINT 835

DO 265 I1=1,1S

IFCIPUNC3).EQ.1) GO TO 263

CALL OBUF(1)

ENCODE (80,22,BUFCIBUF)>) PSIC(IS), ADACIS),CATNACIS) NXYCIS) ,PL
263 PRINT 836,PSICI),ADACI),CATNACI) NXYCI),PL
265 CONTINUE

COMPUTE APPROXIMATE CAMERA ORIENTATION USING PLATE CONSTANT METHQOD
IPAGE=IPAGE+1
PRINT 837, 1PAGE
PRINT 803,EV,PL
PRINT 838,PHILH,PHILM,PHILS,XLAMLH,XLAMLM, XLAMLS
NCT = 13
N =1IS
IC =0
K1 = N
273 DO 275 1=1,96
FCIY = 0.
275 CONTINUE
IFC(NCT.LE.37) GO TO 278
IPAGE = IPAGE+1
PRINT 837, 1PAGE
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PRINT 823
PRINT 803,EV,PL
NCT = 7
278 PRINT 825
PRINT 839,N

NCT = NCT+6
M = 2«N

J =-1

DO 293 I=1,N
J = J+2

5(J,1) = PSI(D)

§(J+1,2) = PSI(D)

S(J.,3) = ADA(D)

SCJ+1,4) = ADACI)

§(J,5) = 1.0

S(J+1,6) @ 1.0

S¢J.7) = -PSIC(I)s XCI)

S(J+1,7) @ -PSI(I)x Y(I)

S(J.8) = -ADA(I)x X(D)

S(J+1,8) = -ADACI)* YD)

§(J,9) = XD

S(J+1,9) @ Y(D)

§€J,2)=6¢J+1,1)=8¢J+1,3)=5¢J,4)=5(J+1,5)=50J,6)=0.
293 CONTINUE

DO 295 1=1,8

DO 295 J=1,9

DO 295 L=1,M

FCI,)=FC1,d)+SCL, 1) *S(L,J)
295 CONTINUE

CALL ERWIN (8,1,F,15,8,12)

IF(IS.GT.0) GO TO 300

PRINT 909
GO TO 10¢C
300 A1 = FC1,9)
A2 = F(2,9)
B1 = F(3,9)
B2 = F(4,9
Cl1 = F(5,9
C2 B F(6,9)
AC = F(7,9)
BO = F(8,9
AF = A1xB2-A2+B1

AOP =(AZ2xBO -AD*B2)/AP

A2P=A0*C2-A2

BOP =(AD+*B1 - A1:BO)/AP

B2P=A0+C1-A1

ALPHA =ATAN (AO0)

OMEGA =ATAN (BO/ (SQRT (AQr*2 +1.0)))
CALL ANGLE (AZ2P,BZ2P,RKAPPA)

XY = AO*x2 + BOxx2 + 1.0

XP =(AO*A1 + BO*B1 + C1)/XY

YP =(AO+xA2 + BO#*B2 + C2)/XY
C=(CAP**2+x(1.0+AQP*XP+BOPxYP)#*3)/(1.0+A0P*C1+BOP*C2))**.25
GALPHA = ALPHA = RDTOGR

GOMEGA = OMEGA + RDTOGR

GKAPPA @ RKAPPA » RDTOGR

PRINT 840,GALPHA,GOMEGA,GKAPPA XP,YP,C



NCT=NCT+6
C
C COMPUTE STANDARD COORDINATES FROM CAMERA ORIENTATION,
c AND FIND RESIDUALS

SINALP = SIN (ALPHA)
COSALP = COS (ALPHA)
SINOME = SIN (OMEGA)
COSOME = COS (OMEGA)
SINKAP = SIN (RKAPPA)

COSKAP = COS (RKAPPA)

A1 = -COSALP+*COSKAP + SINALP*SINOME*SINKAP
81 = -COSOME~*SINKAP

C1 = SINALPxCOSKAP + COSALP+*SINOME*SINKAP
A2 o -COSALP*SINKAP - SINALP*SINOME=xCOSKAP
B2 @ COSOME*COSKAP

2 =

SINALP*SINKAP - COSALPxSINOME*COSKAP
D = SINALP*COSOME .

E o SINCOME

FF= COSALP*COSOME

PRINT 8411

DO 305 [=1.,N

DE = (XCI)-XP)*C1 + (YCI)-YP)*C2 + CxFF
TI = ((XCI)-XP)xA1 + (Y(I)-YP)*AZ + C+D)/DE
El = ((XCI)-XP)>*B1 + (Y(I1)-YP)xB2 + CxE)/DE

VSCI,1) | PSICI) - T1I
VS(1,2) = ADA(I) - EI
PRINT 841,TI,EI1,VS(I,1),VS(C!,2),NXY(]D)

305 CONTINUE
NCT B NCT+N+7

c
C TEST RESIDUALS AGAINST TOLERANCE

VMAX = ABS(VS(1,1))
JK =1
ICT = 0
DO 306 I=1,N
ISIG = 0
DO 306 J=1,2
IFCABS(VS(I,J)).LE.CRI) GO TO 304
IFCISIG.EQ.0) ICT = ICT+1
ISIG = 1

304 IFCABS(VS(I,J)).LE.VMAX) GO TO 306
VMAX = ABS(VS(I,J))
Jk 1

306 CONTINUE
IFCICT.EQ.0)> GO TO 310
IF(N.EG.4) GO TO 400
IFCICT.GT.1) GO TO 309

OO0

IF RESIDUAL EXCEEDS TOLERANCE, REMOVE STAR AND RECOMPUTE
PRINT 842 ,NXY(JK)
NCT = NCT+4
N = N-1
K1 = N
IF(JK.EQ.N+1) GO TO 273
DO 308 I=Jk,N
PSICIY = PSICI+1)
ADAC(1) B ADACI+1)



58

CATNACI) = CATNACI+1)
X)) = X(I+1)

YCI) B Y(I+1)

NXY (D) NXYCI+1)
NUMCT) NUMCT+1)
ALS(ID) ALSC(I+1)
DLS(I1) DLS(I+1)
ITRACI) = ITRAC(I+1)
CONTINUE

GO 70 273

308

C

C IF MANY RESIDUALS EXCEED TOLERANCE,

C AND RECOMPUTE

309 IC = IC+1

JK = K1-1C+1
IF(JK.EQ.0) GO TO 400
PRINT 842,NXYC(JK)D
NCT = NCT+¢
N = K1-1
IFC(JK.EQ.K1Y GO TO 273
TEMP @ PSI(JK?
PSICJK) B PSIC(K1)
PSI(K1) = TEMP
TEMP = ADA(JK)
ADA(JK) @ ADA(K1>
ADA(K1) = TEMP
TEMP o CATNACJK)D
CATNA(CJK) = CATNAC(K1)
CATNACKT) @ TEMP
TEMP = X(JK)
XCJK)D X{K1?
X(K1) TEMP
TEMP Y(JK)
Y(JK) Y(K1)
Y(K1) TEMP
TEMP @ NXY(JK)
NXYCJK) B NXY(K1)

" u

NXY(K1) = TEMP
TEMP @ NUMCJK)
NUMCJK) = NUMC(K1)

NUM(K1) @ TEMP
TEMP @ ALS(JK)

ALS(JK)Y = ALS(K1)
ALS(K1) = TEMP

TEMP @ DLS(JK)
DLSCJK)Y = DLS(k1)
DLS<(K1) = TEMP
TEMP = ITRA(JK)
ITRACJK) = ITRA(K1)
ITRACK1) = TEMP

GO 7O 273

c

C OUTPUT PRELIMINARY CAMERA ORIENTATION,

310 CALL OBUFC1)
ENCODE (80,50,BUF(IBUF))
CALL OBUF(1)

IDUM2

REMOVE EACH STAR IN TURN

LOCAL

ENCUDE (80,23,BUF(IBUF)) GALPHA,GOMEGA,GKAPPA,PL



c
c

c
c

CALL OBUFC(T)

ENCODE (80,23,BUFC(IBUF)) XP,YP,C,PL
CALL OBUF(1)

ENCODE (80,50,BUFC(IBUF)) I1DUMZ

ROTATE CAMERA ORIENTATION TO REFERENCE STATION

312

PHIL = PHILH*RDG + PHILM*RMIN + PHILS*RSEC
PHIR = PHIRH*RDG + PHIRM«RMIN + PHIRS*RSEC
XLAML o XLAMLH*RDG + XLAMLMx*RMIN + XLAMLS*RSEC
XLAMR = XLAMRH«RDG + XLAMRM*RMIN + XLAMRS*RSEC
SINPHL SIN (PHIL?
COSPHL C0S (PHIL)
SINPHR SIN (PHIR)
COSPHR CO0S (PHIR)
SINLAL SIN (XLAML)
COSLAL CO0S (XLAML)
SINLAR SIN (XLAMR)
COSLAR = COS (XLAMR)
AP -COSLAL*SINPHL*A1
B1P -SINLAL*SINPHL*A)
A2P -COSLAL*SINPHL~*A2 SINLAL*BZ2
BZP -SINLAL*SINPHL*AZ2 COSLALxB2
cep COSPHL*A2 + SINPHL=xC2

DP = -COSLAL~*SINPHL*D + SINLAL=E + COSLAL+COSPHL=xFF
EP = -SINLAL*SINPHL*D - COSLAL*E + SINLAL*COSPHL=*FF
FP B COSPHL*D + SINPHL=*FF

+

SINLAL+B1
COSLAL=B1

COSLAL+*COSPHL=*CH
SINLAL*COSPHL+C1
COSLALxCOSPHL=+C2
SINLAL~COSPHL~*C2

+
+ + + +

B1PP B SINLAR+A1P - COSLAR+#B1P
A2PP = -SINPHR+COSLAR*A2P - SINPHR*SINLAR+*B2P + COSPHR=C2P
BZPP = SINLAR+xAZ2P - COSLAR+*B2P
C2PP = COSPHR+*COSLAR*A2P + COSPHR+*SINLAR*B2P + SINPHR=(Z2P

DPP B -SINPHR~COSLAR+*DP - SINPHR*SINLAR*EP + COSPHR=*FP
EPP B SINLAR*DP - COSLAR*EP

FPP = COSPHR+~COSLAR#DP + COSPHR*SINLAR*EP + SINPHR=*FP
IFCEPP.EG.0.) GO TO 312

COSOMR SGRT(1.-EPP*EPP)

OMEGAR ATANCEPP/COSOMR) *RDTQGR

SINALR DPP/COSOMR

COSALR FPP/COSOMR

CALL ANGLEC(SINALR,COSALR,ALPHAR)

ALPHAR B ALPHAR*RDTOGR

SINKAR = -B1PP/COSOMR

COSKAR = BZPP/COSOMR

CALL ANGLE (SINKAR,COSKAR,RKAPPR)

RKAPPR & RKAPPR*RDTOGR

GO TO 315

RKAPPR B 0.

SIGN = 1.

IFCEFP.LT.0.) SIGN = -1,
OMEGAR & 100.=*SIGN
SINALR = -AZPP/SIGN

COSALR B -LC2PP/SIGN
CALL ANGLE (SINALR,COSALR,ALPHAR)
ALPHAR = ALPHAR*RDTOGR

PRINT ROTATED PRELIMINARY CAMERA ORIENTATION

315

IF(NCT.LE.56) GO TO 318
IPAGE = [PAGE+1

59
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PRINT 837, IPAGE
PRINT 823
PRINT 803,EV,PL
NCT = 7
318 PRINT 843
PRINT 840,ALPHAR,OMEGAR,RKAPPR,XP.YP,C
c
C OUTPUT SINGLE CAMERA HEADERS (REGULAR, OR PRELIMINARY OPTIONAL)
IPAGE = [PAGE+1
PRINT 844, IPAGE
CALL OBUF(1)
ENCODE (80,50,BUFCIBUF)) IDUM3
IFCIPRE.EG.0) GO TO 320
CALL OBUF(1)
ENCODE (80,36,BUFCIBUF)) BLANK
CALL OBUF(1)
ENCODE (¢(80,37,BUFCIBUF)> N
PRINT 853
GO TO 325
320 CALL OBUF(1)
ENCODE (¢80,24,BUF(IBUF)) BLANK
CALL OBUF(1)
ENCODE (20,25,BUFCIBUF)) 1DUMO
PRINT 845
325 CALL OBUF(1)
ENCODE (80,26,BUF(IBUF)) TEM,PRES
CALL OBUF(1)
ENCODE (¢80,27,BUFCIBUF)) EV,DATE
CALL OBUF(1)
ENCODE (¢80,28.BUF(IBUF)) PL,CAM,UNIT
CALL OBUF(1)
ENCODE (80,29,BUF(IBUF)) COMM,OPER
PRINT 846,TEM,PRES,EV,DATE,PL,CAM,UNIT,COMM,OPER
CALL OBUF<{1)
ENCODE (80,30,BUF(IBUF>) ISTA1,(ANC1),1=1,3),1SI1GS,PHILH,PHILM,
1 PHILS,XLAMLH,XLAMLM,XLAMLS,EL1
PRINT 847,ISTA1,(ANCI),I=1,3),1SI1GS,PHILH,PHILM,PHILS,XLAMLH,
1 XLAMLM,XLAMLS,EL1
IFCIPRE.EQ.1) GO TO 328
CALL OBUF¢1)
ENCODE (¢80,30,BUFCIBUF)) 1S8TA2,(ANCI1),I=4,6),ISIGR,PHIRH,PHIRM,
1 PHIRS,XLAMRH,XLAMRM,XLAMRS,EL2
PRINT 847,ISTA2,(ANCI),1=4,6),ISIGR,PHIRH,PHIRM,PHIRS,XLAMRH,
1 XLAMRM,XLAMRS,EL2
CALL OBUF(1)
ENCODE (80,31,BUFC(IBUF)) XPC,YPC
PRINT 848,XPC,YPC
328 CALL 9OBUF(1)
ENCODE (80,32,BUF(IBUF)) GALPHA,GOMEGA, GKAPPA
CALL OBUF(1)
ENCODE (80,32,BUFCIBUF)) ZERO,XP,YP
CALL OBUF(1)
ENCODE ¢80,32,BUF(IBUF)) C,C,2ERD
PRINT 849,GALPHA,GOMEGA,GKAPPA,2ERO,XP,YP,C,C,ZERD
CALL OBUF(1)
ENCODE (80,32,BUF(IBUF)) ZERO,ZERO,ZERO
CALL OBUF(¢(1)
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ENCODE (80,32,BUFC(IBUF)) Z2ERO,ZERO,ZERD
CALL OBUFC(1)
ENCODE (80,32,BUF(IBUF))Y ZERO
PRINT 849,2ERO,2ER0O,2ERQ, ZERO, 2ERQ, ZERO, ZERO
IFCIPRE.EG.0) GO TO 330
CALL OBUF(1)
ENCODE (¢80,38,BUF(IBUF)) IDUMO
CALL OBUF(1)
ENCODE (80,39,BUFCIBUF)Y) 1DUM1
PRINT 854
GO TO 332

330 CALL OBUF(1)
ENCODE (80,33,BUF(IBUF)) BLANK
PRINT 851

332 CALL OBUF(C1)
ENCODE (80,34,BUF(IBUF)) BLANK
CALL OBUF(1)
ENCODE (80,35,BUF(IBUF)) BLANK
PRINT 852
IFCIPRE.EQ.0) GO TO 335
CALL OBUF(1)
ENCODE (80,40,BUF(CIBUF)) (NUMCI),ITRACD),I=1,N)
PRINT 855, (NUMCI),ITRACI),I=1,N)
DO 333 I=1,N
CALL OBUF(1)
ENCODE (80,41,BUFCIBUF))> ALSCI),DLSCI), NUMCI),ITRACI),CATNACD)
PRINT 856,ALS(1),DLSCI),NUMCI),ITRACI),CATNACT)
IT @ ITRACD)
CALL OBUF(1)
ENCODE (80,42,BUFCIBUF)) XCID),YCI) NXYCI),NUMCI),ITRACI),STLCIT)
PRINT 857 ,XCI),YCI), NXYCI), NUMCI),ITRACI;,STLCIT)

333 CONTINUE

335 PRINT 85¢&
CALL OBUF(1)
ENCODE (80,50,BUF(IBUF)) I1DUM3

c
C OUTPUT PLATE DATA REDUCTION HEADERS

CALL OBUF(1)
ENCODE (80,50,BUFCIBUF)) IDUMS
CALL OBUFC(D
ENCODE (80,43,BUFCIBUF)) EV,PL
PRINT 859,EV,PL
CALL OBUF(1)
ENCOCE (80,44,BUFCIBUF)) ICOM,(RLC(I),I1=1,4)
DO 340 K=5,30,5
MO = K+4
CALL OBUF(1)
ENCODE (80,32,BUFC(IBUF)) (RLCI),I=K,MQ)

340 CONTINUE
CALL OBUF(1)
ENCODE (80,32,BUF(IBUF)) GALPHA,GOMEGA,GKAPPA
CALL OBUF(1)
ENCODE (80,32,BUF(IBUF)) XP,YP,C
CALL OBUF(1)
ENCODE (80,45,BUF(IBUF)) ISTA1,(ANCI),I=1,3),ISIGS,PHILH,PHILM,
1 PHILS,XLAMLH,XLAMLM,XLAMLS, ELY
PRINT 860,ICOM,(RLCI)>,1=1,34)

507-908 O -73 -5
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PRINT 849,GALPHA,GOMEGA,GKAPPA,XP,YP,C
PRINT 861,1STA1,(ANC1),121,3),1S1GS,PHILH,PHILM,PHILS,XLAMLH,
1 XLAMLM,XLAMLS,EL1
CALL OBUF(1) |
ENCODE (80,50,BUFCIBUF)) IDUMS
CALL OBUF(0)
GO TO 100
400 PRINT 911
GO TO 100
FORMAT (18X,A3,A9,5A10)
FORMAT(2X,A5,5X,A4,6X,A8,1X,11,4X,3¢1X,11),A4,5X,11)
FORMAT (3X,A4,3A8,11,1X,2F4.0,F8.4,F5.0,F4.0,F8.4,E14.8)
FORMAT (4X,A8,6X,A3,6X,A10,A7,6X,3A8)
FORMAT(5X,A10,6X,A10,2(5X,F7.4))
FORMAT (4X,A8,A6,9X,2A10, 8X,A4,9X,AS)
FORMAT(5X,13,2¢1X,12),6X,13,2¢1X,12),7XA10,9X,2A10)
FORMAT(8X,3(F2.0,1X),6X,F4.0,6X,2(F2.0,1X),F4.1,10X,F4.0,6X,
1 2(F2.0,1X),F4.1)
9 FORMAT(9X,F2.0,9%X,F5.1,11X,2¢(F2.0,3X),5X,F2.0,3X,F2.0)
10 FORMAT(3X,F3.0,2(1X,F2.0),6X,F3.0,2¢(1X,F2.0),12X,F3.0,1X,F2.0,
1 1X,F8.5)
11 FORMAT(1X,78H
1 A1)
12 FORMAT(SC1X,E14.8))
13 FORMAT(11X,11,3X,4C1X,E14.8))
14 FORMAT(14,11,16,2F6.6,56X,11)
15 FORMAT(63X,11,3X,A4,312)
16 FORMAT(4(F11.8,1X),2X,A6,2X,12,13,11,3X,A4,8X,11)
17 FORMAT(79X,11) .
20 FORMAT(+B JOB STEP »,A3,A9,5A10)
21 FORMAT(2E14.7,30X,12,16,1X,A4,8%,11)
22 FORMAT(2E14.7,2X,A6,14X,16,1X,A4)
23 FORMAT(3(1X,E14.7),2X,A4,20X,12°
24 FORMAT(A4,36HSINGLE CAMERA ORIENTATION  FROG 377)
25 FORMAT( [11,4X,1HO,&X, THT1,4X,1H1,4X,1HO,5X, 1HO,3X, 1HO,4X, 1H2,4X, 1H1
1,5X,1H1,3X,1H0,4X,1H0,3X,2H10)
26 FORMAT(20H+100000-06+100000-01,2A10,40H+650000-01+300000-02+126000
1+00+100000-06)
27 FORMAT(AS5,1X,A10,A?7)
28 FORMAT(A4,2X,A8,6X,A3)
29 FORMAT(A8,2X,3A8,17X,5H3 6 9)
30 FORMAT(A&,2X,3A8,2X,11,2X,2F3.0,F8.4,3X,2F3.0,F8.4,3X,F11.4)
31 FORMAT(7X,F7.4,3X,F7.4)
32 FORMAT(5(1X,E14.7))
33 FORMAT(A1,79H101 +001515+1 +211616+1 +210101
1 +000101 +00)
34 FORMAT(36H 26500000+01 26500000+01 00000000+00,A1)>
35 FORMAT(36H 10000000401 10000000+01 00000000+00,A1)
36 FORMAT(A4,33HSINGLE CAMERA ORIENTATION PRE RUN)
37 FORMAT(1H1,4X,1H0,2¢4X,1H1),4X,1H0,4X, 12, 3X,1H1,2¢(4X,1H0),5X, 1HZ, .
1 3X,1HO0,4X, 1H5,4X,1H0)
38 FORMAT(11,#404 10000000+210909 10000000+211010 10000000+211111 100
1000004211212 10000000+21+)
39 FORMAT(12, *13 10000000+211414 10000000+211515 10000000+211616 100
1000004210101 00000000+00+)
40 FORMATC(10C1X,12,11)) :
41 FORMATC  2(E14.7),30H .1000E+01 .1000E+01 .0000E+00,4X,13,11,4X,

0O ~NO WV UWN -
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T1H1,1X,A6,1X, 1HO)

42 FORMATC¢ 2F12.10 ,30H .1000E+01 .1000E+01 .0000E+00,16,2X,13,11,1X,
1F10.8,2X,1H0)

43 FORMATC(AS,1X,A4)

46 FORMATC(11X,11,3X,4¢1X,E14.7))

45 FORMAT(3X,A4,3A8,11,1X,2(F3.0,1H.),F8.4,F4.0,1H.,F3.0,1H.,F8.4,
1 E14.7)

50 FORMAT(78X,12) _

801 FORMAT(1H1,30¢/),60X,* JOB STEP ~,A3////50%X,A9,5A10)

802 FORMAT(1H1,72X,5HPAGE ,12/24X,*PRELIMINARY DATA REDUCTION ¥)

803 FORMAT(//23X,6HEVENT ,A5,5X,6HPLATE ,A4 /)

804 FORMAT(31X,10HCOMP. NO. ,A3)

805 FORMAT(//19X SHPRINT,16X,5HPUNCH,9X,5HPUNCH/ 19X, 4HDATA, 18X,

1 18HD.H. PUNCH STAND/18X,6HRECORD,17X,18HSAT. STARS COOR./
2 21X, 11,146X,3(6X,11))

806 FORMAT(//5X,6HCAMERA,6X,4HUNIT,13X,4HDATE, 19X, 8HOPERATOR/4X,A8,
1 6X,A3,6X,A10,A7,6X,3A8)

807 FORMAT(//4X,12H TEMPERATURE,6X,9H PRESSURE,7X,3H XP,9X,3H YP/5X,
1 A10,6X,A10,2(5X,F7.4))

808 FORMAT(//3X,5HLOCAL,8X,5HLOCAL)

809 FORMAT(//&X,4HREF.,9X,4HREF.)

810 FORMAT( 2X,7HSTA.NO.,5X,9HSTA. NAME, 14X, 8HLATITUDE, 8X,9HLONGITUDE,
17X, 9HELEVATION/3X ,A4,3A8,11,1X,2F4.0,F8.4,F5.0,F4.0,F8.4,E14.7)
811 FORMAT(1H1,72X,SHPAGE ,12 / 24X,32HSATELLITE TRIANGULATION RECOR

10 71

812 FORMAT(25X,7HEVENT ,AS5,8X,7HPLATE ,A4//32X,10HSATELLITE ,LA8,A6//
1 31X,5HDATE ,A10,A7//1)

813 FORMAT(33X,12HSTATION DATA//10X,6HNUMBER, 22X, 4HNAME,20X,8HLOCATION
1 /10X,A4,14X,3A8,5X,2A10//9X,8HLATITUDE, 18X, 9HLONGITUDE, 17X,

2 O9HELEVATION/6X,2F3.0,F8.4,12X,2F3.0,F8.4,14X,F11.4///)

814 FORMAT( 34X, 11HCAMERA DATA // 7X,11HUNIT NUMBER,16X,11HLENS NU
TMBER, 14X, 13HLENS APERTURE / 11X,A3,22X,A8,19X,A4 // 5X,15HELEVATIO
2N ANGLE,13X,14HAZIMUTH(NORTH), 13X, 1THSLANT RANGE / 8X,313,18X,313,
318X,A5,1X,2HKM // 7X,11THTEMPERATURE, 18X, 8HPRESSURE, 19X, 7HWEATHER /
& 6X,A10,1X,1HC,16X,A10,1X,2HMM,10X,2A10/1/17)

815 FORMAT(35X,9HTIME DATA//6X,5HSTART,21X,15HSATELLITE TRAIL,21X,

1 &4HTIME/1X,15HPRE-CALIBRATION,2X,19HFIRST SATELLITE NO.,F4.0,

2 O6H TIME ,F2.0,2HH ,F2.0,2HM ,F4.1,1HS,5X,10HCORRECTION/3X,F2.0,
3 2HH ,F2.0,2HM ,F2.0,1HS,5X,18HLAST SATELLITE NO.,F4.0,6H TIME ,
4 F2.0,2HH ,F2.0,2HM ,F4.1,1HS,2X,F2.0,2HH ,F2.0,2HM ,F8.5,1HS/)

816 FORMAT(34X,11HACS MONITOR/9X,11HSTAR FORMAT, 14X, 3HPRE, 4X, 4HPOST,

1 13X, 1OHDAY NUMBER/13X,F2.0,14X,5HOPEN ,F2.0,3H MS,2X,F2.0,3H MS,
2 15X,F5.1/28X,6HCLOSE ,F2.0,3H MS,2X,F2.0,3H MS///) )

817 FORMAT(22X,15HRIGHT ASCENSIUN,5X,11HDECLINATION/16X,2¢(9X,F3.0)//7/
1 30X,17HPOLAR COORDINATES/34X, 1HX,9X, 1HY/27X,2(3X,F7.4))

818 FORMAT(/// 36X,7HREMARKS /)

819 FORMAT(1H1,72X,SHPAGE ,12/24X,*PRELIMINARY COMPARATOR REDUCTION=)

820 FORMAT(34X,9HCOMP, NO..I3)

821 FORMAT(/37X,5HINPUT/)

822 FORMAT(24X,5HPO:NT,4X,5HPOINT/24X,5HCLASS, 3X, 6HNUMBER, 6X, 1HX, 8X,

1 1HY)

823 FORMAT(36X,7HC(CONT.))

824 FORMAT(25X,12,2X,3¢3X,16))

825 FORMAT(//37X,6HOUTPUT /)

826 FORMAT(//26X,10HDRILL HOLE,7X,10HDRILL HOLE/27X,9HDIST. 1-3,8X,

1 O9HDIST. 2-4/24X,E14.7,3X,E14.7//28X,7HTRANS X,10X,7HTRANS Y/
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827 FORMAT(55X,S5HPOINT,3X,5HPOINT/9X,2HTX, 16X, 2HCY,26X,20HCLASS NUMBE

1R PLATE)
828 FORMAT( 4X,E14.7,4X,E14.7,20X,12,4X,16,3X,A4)
829 FORMAT(1H1,72X,5HPAGE ,12 / 26X,26HPRELIMINARY STAR REDUCTION )
830 FORMAT( 60X, 18HTRAIL PLATE DATE / 6X,7HLAT-DEG,8X,7HLAT-MIN, 8

1X,7HLAT-SEC / 6X,7HLST-HR ,8X,7HLST-MIN,8X,7HLST-SEC / 8X,5HG-HR ,
28X,7H G-MIN,8X,7H G-SEC/8X,4HH-HR,11X,5HH-MIN,10X,5HH-SEC/9X,
3  1HF, 14X, 1HG, 14X, THH/9X, 1HI , 13X, 3HTAN, 10X, 7HDELTA T/5X,9HELEVATIQ
4N,6X, 8HPRESSURE, 6X,1THTEMPERATURE)
831 FORMAT(/62X,11,5X,A4,1X,312)
832 FORMAT(IX,3C1X,E14.7))
833 FORMAT(//5X,5HRIGHT, 43X, 4HB0OSS, 4X,5HCLASS,3X,5HPOINT/3X,9HASCENSIO
IN,5X,5HPM RA,4X,11HDECLINATION, 4X,6HPM DEC,5X, 6HNUMBER, 2X, 6HNUMBER
2 ,2X,6HNUMBER, 1X,5HPLATE/)
834 FORMATCIX,4CIX, F11.8).3X, A6,4X,12,4X. 13, 11,4X,A4)
835 FORMAT(9X,21HSTANDARD COORDINATES,23X,4HB0SS,8X,5HPOINT/9X,3HPSI,
1 15X,3HETA,22X,6HNUMBER, 6X, 6HNUMBER, 5X, 5SHPLATE/)
836 FORMAT(4X,E14.7,4X,E14.7,16%X,A6,6X,16,6X,A4)
837 FORMAT(1H1,72X,5HPAGE ,12/24X,30HPRELIMINARY CAMERA ORIENTATION )
838 FORMAT(/20X,8HLATITUDE,23X,9HLONGITUDE/17X,2F3.0,F8.4,18X,2F3.0,
1 F8&.4//1)
839 FORMAT( / 13X,45HPRELIMINARY CAMERA ORIENTATION COMPUTED WITH ,I2
1,6H STARS)
840 FORMAT( / 21X,5HALPHA, 10X, 5HOMEGA, 10X, SHKAPPA / 15X,3(1X,E14.7)
1 /171 22X,2HXP,13X,2HYP,14X,1HC/ 15X,3C1X,E14.7))
8411 FORMAT(///9X,*STANDARD COORDINATES AND RESIDUALS COMPUTED FROM ORI
TENTATION «//65X,6H POINT/10X,4H PSI,11X,4H ETA,8X,10H DELTA PSI,
2 5X,10H DELTA ETA,2X,7H NUMBER)
841 FORMAT(4X,4(iX,E14.7),1X,16)
842 FORMAT(///2X,60H* PRELIMINARY CAMERA ORIENTATION TO BE RECOMPUTED
TWITH STAR ,16,10H REMOVED )
843 FORMAT( /77 20X,38HROTATED PRELIMINARY CAMERA ORIENTATION)
844 FORMAT(1H1,72X,SHPAGE ,12 /32X,14HS.C.0. HEADERS /)
845 FORMAT(S5X,36HSINGLE CAMERA ORIENTATION PROG 377/1X,1H0,4X, 1HO,
1 2¢4X,1H1),4X,1H0,5X,1H0,3X, 1HO, 4X, 1HZ2,4X,1H1,5X, 1H1, 3X, 1HO, 4X,
2 1HO0,3X,2H10)
846 FORMAT(1X,20H+100000-06+100000-01,2A10,40K+650000-01+3006000-02+126
1000+00+100000-06/1X,A5,1X,A10,A7/1X,A4,2X,A8,6X,A3/1X,A8,2X,
2 3A8,17X,5H3 6 9
847 FORMAT(1X,A4,2X,3A8,2X,11,2X,2F3.0,F8.64,3X,2F3.0,F8.64,3X,F11.4)
848 FORMAT(8X,F7.4,3X,F7.4)
849 FORMAT(2X,E14.7,1X,E14.7,1X,E14.7)
851 FORMAT(1X,80H 101 +001515+1 +211616+1 +210101
1 +000101 +00)
852 FORMAT(1X,36H 26500000+01 26500000+01 00000000+00/1X,36H 10000000+
101 10000000+01 00000000+00)
853 FORMAT(5X,33HSINGLE CAMERA ORIENTATION PRE RUN/1X,1H1,4X,1H0,2¢4X,
1 1H1)Y,4X,1H0,4X,12,3X,1H1,2¢(4X,1H0),5X, 1H2,3X, THO, 4X, 1HS5,4X, 1HO)
854 FORMAT(1X,80H0404 10000000+210909 10000000+211010 10000000+211111
110000000+211212 10000000+21/1X,80H1313 10000000+211414 10000000+21
21515 10000000+211616 10000000+210101 00000000+00)
455 FORMAT(1X,10¢1X,12,11))
856 FORMAT(1X,2E14.7 +30H .1000E+01 .1000E+01 .0000E+00,4X,I3,11,4
1X,1H1,1X,A6,1X,1HO)
857 FORMAT(1X,2F12.10 ,30H .1000E+01 .1000E+01 .0000E+00,[6,2X,I13,11,1
1X,F10.8,2X,1H0)
858 FORMAT(//25X,* PLATE DATA REDUCTION HEADERS #/)



65

859 FORMAT(1X,AS5,1X,A4)

860 FORMAT(12X,I11,3X,4C1X,E14.7)/(2X,BE14.7,1X,E14.7,1X,E14.7,1X,E14.7,
1 1X,E14.7))

861 FORMAT(4X,A4,3A8,11,1X,2¢(F3.0,1H.),F8.4,F4.0,1H.,F3.0,1H.,F8.4,
1 E14.7)

899 FORMAT(x1 JOB STEP ABORTED - INPUT DATA +/(1X,8A10))

901 FORMAT(// 10X,50H+ *xx WRONG REF. STATION USED - USE STATION NO.
1 ,A4,8H xxx %)

902 FORMAT(/ 13X,31HFIRST 25 POINTS USED FOR POINT 16 /)

903 FORMAT(/25H DRILL HOLES OUT OF ORDER/)

904 FORMAT(/25X,* ONLY FIRST TEN STARS USED=*/)

905 FORMAT(/25X,* ONLY FIRST TWELVE SATELLITES USED +/)

906 FOPMAT(/25X,26N0 HEADER CARDS FOR TRAIL 11/)

907 FORMAT(/12X,58H* NO RIGHT ASCENSION-DECLINATION FOR THE FOLLOWING
1STARS « /)

908 FORMAT(37X,16)

909 FORMAT(25X,* NO INVERSE FOR NORMAL MATRIX */)

910 FORMAT(//13X,* PLATE NUMBERS DO NOT AGREE*/r PRE SET *,A4, 10X,
1 + UPDATING PARAMETERS *,AL)

911 FORMAT(/+ SOLUTION NOT REACHED FOR THIS SET OF PRE STARS =)
END
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165

166

SUBROUTINE PLTCEN (XF,YF,XC,YD)
DIMENSION XF(8),YF(8),8G¢(4,3),RN(2,3)
K =0

D0 165 J=1,5,4

K = K+1

QQC(K, 1> = YF(J+2) - YF(J)

GQ¢K,2) = XF(J) - XF(J+2)

QQ(K,3) = XF(JIxYF(J+2) - XF(J+2)*xYF(J)

K 8 K+1

00CK,1) B YF(J+3) - YF(J+1)

GO(K,2) = XF(J+1) - XF(J+3)

Q0CK,3) = XF(J+1)*YF(J+3) - XF(J+3)*xYF(J+1)
CONTINUE

DO 166 J=1,2
DO 166 K=1,3
RNCJ,K) = 0.
DO 166 L=1,4
RNCJ,K) = RNCJ,K) + OG(L,J>*00Q(L,K)
CONTINUE
DET = RN(1,1)*RN(2,2) - RN(1,2)*RN(2,1)
XC = (RNC1,3)*RN(2,2) - RN(1,2)*RN(2,3))/DET
YC B8 (RNC1,1)«RNC2,3) - RNC1,3)«RNC2,1)>)/DET
RETURN
END



SUBROUTINE ERWXN (N,NC,A,IS,NJ,NK)
DIMENSION ACNJ,NK)
MODIFIED CHOLESKY
Is =1
I =1
DO 10 J=1,N
GO 7O ¢5,3,1),1

2 ACJ-1,M) - ACL,J-1)xACL,M)

4 ACJ,d) ACJ,J) - ACL,J)YxA(CL,d)
I = 2
5 IFCACJ,J)) 6, 6, 7
6 IS = -1
GO TO 22
7 ACJ,N+3) o SQRT (A(J,J))
DO & L=J.N
8 ACJ,L) =
Po 9 L=1,J
9 A(L,J) =
10 I = 1+1
INVERSION OF U
DO 11 I=2,N
J = 1-1
DO 11 K=1,J
11 ACI,K) @ -A(K, D)
D0 12 1=3,N
J = I-2
DO 12 k=1,4
L = I-K-1
M =1
DO 12 1J=1,K
M = M-1
12 ACI,LY = ACT,L) = ACI,M)«ACL, M)
COMPUTATION OF U INVERSE * U INVERSE TRANSPOSE
D0 14 I=1,N
DO 14 J=1,N
ACI ,N+4) = 0.
DO 13 K=J,N
13 ACL,N+4) = ACI, N+4) + A(K,1)xA(K,J)
14 A(l,J) = AC],N+&)
DO 15 I=1,N
DO 15 J=I,N
15 ACI,J) 8 ACL,J)/ACI ,N+3)
D0 16 1=1,N
D0 16 J=1,1
16 ACJ, 1) @ ACH,ID/ACT,N+3)
DO 17 K=1,N
DO 17 L=K,N
17 ACL,K)Y = AWK,L)
COMPUTATIGCN OF SOLUTIONS
IF(NC) 18,22,18
18 M = N+NC
I = N+1

ACJ,LI/IACI,N+3)

ACL,JY/ACJ,N+3)
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19

20

21
22

00 21 J=I.,M
DO 19 K=1,N
A(K,N+4) = 0.
DO 20 K=1,N
DO 20 L=1,N
ACK,N+4) = A(K,N+4) + A(K,L)*A(L,J)
0O 21 k=1,N
A(K,J) 3 A(K,N+4)
RETURN
END



10

13

20
21

22
23

30
40

SUBROUTINE ANGLE (Y,X,A)
Pl B 3,1415926535898
IF¢X) 30,20,10
IFCY.LT.0.) GO TO 13
A B ATANCY/X)

GO TO 40

A = 2.%P] + ATANCY/X)
GO TO 40

IF (YY) 23,22,21

A = Pl/2.

GO TO 40

A= 0.

GO TO 40

A = 3.«xPl/2.

GO TO 40

A = Pl + ATANCY/X)
RETURN

END

69



SUBROUTINE DBUF (NORECS)

COMMON /CDBUF/ LENGT,NEXT,IFIRST,IXBUF,BUFF(1024),KS,ITI
DATA (ICOUNT=0)

DATA (IEF=10000000000000B>,¢IPR=2000000000000000B)

DATA (1T0=240120053700000000008)

IF (NORECS) 70,10,70
10 CALL LTRIO ¢ITI,111B,BUFFC(IFIRST),BUFFC(IFIRST+511),KS?
IF (KS .LT. 0) GO TO 76
IF ((KS.AND.IPR) .NE. 0) PRINT 100
IF ((KS.AND.IEF) .NE. 0> GO TO 60

IFIRST = MOD(IFIRST+512,1024)
ICOUNT = 0
RETURN

60 ICOUNT = ICOUNT+1
IF CICOUNT .LT. 2) GO TO 10

PRINT 64
CALL LTRIO (ITO,115B,A,8B,.1%)
STOP

70 IF (MODC(LENGT,512)) 79,74,79

74 CALL LTRIO (ITI,111B,BUFFCIFIRST),BUFF(IFIRST+511),KS)
IFIRST = MOD(IFIRST+512,1024)

79 LENGT = MODC(LENGT+8xNORECS,1024)
IXBUF = MEXT
NEXT 2 LENGT +1
RETURN

76 PRINT 77,KS
STOP

100 FORMATI’/ o TROUBLE IN INPUT TAPE » /)

64 FORMAT (+x1 JOB TERMINATED-- END OF DATAx)

77 FORMAT (x1 JOB ABORTED-- STATUS WORD * ,020)
END
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20

30

4u

80

100

SUBROUTINE OBUF (NORECS)

COMMON /ODBUF/ LENGT,NEXT,IFIRST, IXBUF,BUFF(1024),ENDFLQ,ITO

IF (NORECS) 10,40,10

LENGT = LENGT + NORECS

IF(LENGT.GT.64) GO TO 20

IXBUF B NEXT

GO TO 30

CALL LTRIO (I1T0,1128B,BUFF(IFIRST), BUFF(IFIRST+511),KS)
IF (kS .LT. 0> GO TO 80

IXBUF = IFIRST = MODCIFIRST+512,1024)

LENGT NORECS
NEXT = IXBUF + NORECS*8
RETURN

INDEX = IFIRST+(LENGT-NORECS)>*8-1
CALL LTRIO (ITO,112B,BUFFCIFIRST),BUFF(INDEX),KS)
IF (KS .LT. 0) GO TO 80

ENDFLO = 0.
RETURN

PRINT 10C,KS
STOP

FORMAT (+1 JOB ABORTED-- STATUS WORD + ,020)
END

71



99

100

101
102

103
104

PROGRAM PLTDTRD(INPUT,PUNCH,TAPE1,TAPEZ,TAPE3, TAPE4,TAPES,

1 OUTPUT=TAPES)

COMMON /CDBUF/ LENGT,NEXT,JFIRST,INBUF,BUFFIN(1024),ENDFLQ, JSAP

1,172,174

COMMON /SV/ SAVE(512),1SV

COMMON /SBUFF/ LENC(2),IFIRST(2),NETX(2),IXBUF(2),BUFT(1024,2),
1 MODE(2)

COMMON /RD/ R(36),IND(22)

COMMON /DH/ TOL,ZUMX(%2),2UMY(12),8X(12)>,SY(12),DDX(8),DDY(8),

1 TMTP(6,12),ISTAC12),ITNC12) ,NF,1J,IK,IL,IN

COMMON /ST/ B(13),A1,B%1,C1,A2,B2,C2,DD,EE,FG,LL,RT(25),X12(25),
1 Y¥12(25),LRT,NPTZ,LPT2,NI(9),11(9),1E,MCT(2),COSLAT,SINLAT
COMMON /AR/ XPS(12),YPS(12),PTN(12),D(12),NP,XPSS(12,2),YPSS(12,2)

*COMMON /GRIDP/ NR(100),NCRC100),MEAC100),MEUC100)

COMMON /BAS/ X(1000),Y(1000),NXY(C1000),XX(1000),YY(1000),VX(1000),

1 VY(1000),X0¢1000),Y0C1000), IPLT,NVENT

DIMENSION XSAT(1000),YSAT(1000),NSAT(1000),XSAT2¢1000),

1 YSAT2(1000),NSAT2(1000)

DIMENSION HEAD(7),XFP(8),YFP(8),APAR(6,12),BPAR(6),NREJC100),
STANAM(6),185¢(9),IDUMI(9),IDUM2(9),ICNT(12),1X1(25),1Y1(25),
ICD(25) ,NUM(8),INUM(4,2) ,XSTOR(8,12),YSTOR(8,12),NSTOR(8),X5(2),
YS(2),ZUMA(12) XF(8,2),YF(8,2),1SM(2),PAR(6),RAP(6),0PAR(6,12),
ROE(12),XC<2),YCC2),IHDS(2) ,KRNT(168,4),PRNT(168),NAMC150),
TITLE(9),]10RDER(3),IPL(2)

EQUIVALENCE (NUM, INUM)

DATA (IPL=1HB,1HA),(CC1=.15707963267949E-1),

1 (C6=.17453292519943E-1),(L7=.29088820866572E-3),

2 (C8=.48481368110953E-5),(PI=3.1415926535898),CIDUM=0),(1T=1),

3 (I1TP2=2),(1TP9=9),(IHIST=2),(W1=1.),(W2=1.),(W3=0.),

4 (IORDER=5,0,0)

DATACTITLE=1H ,1H ,1H ,10H HISTOGRAM, 10H OF DIFFER,10HENCES AFTE,

1 10HR MATCHING, 10H (STARS),1H )

DATA (1T2=240120053500000000008),(C1T4=240120053700000000008),

1 (IEF=100000000000008B), (ENDFLG=0.)

12ZYXu = 0

CALL PATCH

IFCIZYXW.EG.O0) GO TO 100

PRINT 720

PRINT 722, (BUFFINCI),I=1,1024)
END FILE S

IF ((JSAP_AND.IEF).NE.O)Y GO TO 100
CALL LTRIO (IT2,48B,BUFFINC1),BUFFINC1),JSAP)
IZYXW 3 1

LENGT=0 $ JFIRST=NEXT=1
IFCENDFLO.EQ.0.) CALL LTRIO(CIT4,1158B,X0,X0,KS)
ENDFLO = 1.

IF CUNIT,1) 101,102,102,102

REWIND 1

MODE(1)=LEN(C1)=0
IFIRSTC(1)=NETX(1)=1

IF (CUNIT,3) 103,104,104,104

REWIND 3

MODE(2)=LEN(2)=0
IFIRST(2)Y=NETX(2)=1
ISG3=15G4=1K=ISVv=0

IJ=1L=18G2=1

IPG=-1

Ut WLN -



o

o000

105

1055

1062

106

107

110

1
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B0 105 I=1,12
ICNT(I)=ZUMX{TI)=2UMY(])=0.

D0 105 J=1.6

APARCJ, 1) = 0.

CONTINUE

JR=MR=1U=0

DO 1055 I=1,100
NRCI)=NCRCI)=MEA(I)=MEU(])>=88
CONTINUE

READ HEADER CARDS

CALL DBUF(0)

CALL DBUF(1)

DECODE (80,800,BUFFINCINBUF)) (HEAD(I),I[=1,7)

PRINT 997

PRINT 900, (HEADCI) ,I1=1,7)

CALL DBUFC1)

DECODE (80,799,BUFFINCINBUF)) TOL,TLMCH,TLNUM

NF = 0

NF = NF+1

CALL DBUF(1)

DECODE (80,814,BUFFINCINBUF)Y)Y (TMTPC(I,NF),1=1,4),ISTACNF),ITN(NF),
(TMTPC(I,.NF),1=5,6),ITEST

IFCITEST.EQ.0) GO TO 1062

CALL DBUF(1)

DECODE (80,801,BUFFINCINBUF)> C(INDC(CI)>,1=1,22),REJECT,NVENT,ICF

IFCIND(22).LT.1) IND(22) = O

DO 106 1=1,8

CALL DBUF(1)

DECODE(80,802,BUFFINCINBUF)YIXFP(I),YFP(I)

CONTINUE

NP 3 0

NP = NP+1

CALL DBUF(1)

DECODE (80,803,BUFFINCINBUF)Y) XPS(NP),YPS(NP),PTN(NP),ITEST

IFCITEST.EQ.0) GO TO 107

[FCINDC15).EQ.0) GO TO 111

CALL DBUF(1»

DECODE (80,3808, BUFFINCINBUF)) MQ,NQ

IF(MO.EQ.IPL(2)) NG = NO+6

CALL DBUF (1)

DECODE (80,804,BUFFINCINBUF)Y) (APARC(J,NQ)Y,J=1,6),I1TEST

IFCITEST.EQ.0) GO TO 110

IFCINDC16).EQ.0) GO TO 112

CALL DBUF(1)

DECODE (80.894,BUFFIN(INBUF)) (BPARCI)Y,I=1,6)

IR =0
IFCIND(22).EQ.0) GO TO 115
IR = IR+1

CALL DBUF((1)

DECODE(80,813,BUFFINCINBUF)) NREJ(IR),ITEST
NRCIR)Y = NREJC(IR)/1000

IF(ITEST.EQ.0> GO TO 113

READ COMPARATOR PARAMETERS
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(m N

115 CALL DBUF(1)

DECODE (80,805,BUFFINCINBUF)) JCAM,ICAM,IPLT

CALL DBUF(1)

DECODE (80,810,BUFFINCINBUF)) NCOM,(R(I),I1=3,6)

DO 116 NQG=7,32,5

NZ = NQ+é

CALL DBUF(1)

DECODE (80,806,BUFFINCINBUF)) (R(1)>,1=NG,N2ZD
116 CONTINUE

DC1)> = 0.

DO 119 [=2,NP

DC(I> @ SORT((XPS(I)-XPS(1))xx2 + (YPS(I)-YPS(1))xx2)
119 CONTINUE

CALL DBUFC(T

DECODE (80,806,BUFFINCINBUF)) (B(I),I=1,3)

CALL DBUF(1)

DECODE (80,806,BUFFINCINBUF)) (B(I),1=4,6)

CALL DBUF(1)

DECODE (80,816,BUFFINCINBUF)) (STANAMCI),I1=1,4),(BC(I),1=7,13),

1 (STANAMCI),1=5,6)
IF(B(7).LT.1.) B(?7) = 0.
CALL DBUF(1)

DECODE(80,818 ,BUFFINCINBUF)) (ISS(I),IDUMI(CI),IDUM2(C]),1=1,9)

KCT = 0
DO 120 I=1.,9
IFCISS(1).EQ.0) GO TO 120
KCT = KCT + 1
ISI = IS8S(D)
ITCISIY = IDUMICD)
NICISI) = IDUM2CI)

120 CONTINUE

PRINT HEADERS

PRINT 999
CALL DATEC (DAT)
PRINT 901,DAT,NVENT, IPLT,NCOM
INDC1)=IND(2)=1
PRINT 913,CINDCI),I=1,22)
PRINT 902
PRINT 822, (XFPC(I),YFP(I),1=1,8)
PRINT 903
PRINT 823,(XPSCI),YPSCI),PTNCI),I=1,NP)
IFCINDC15).EQ.0) GO TO 123
PRINT 904
DO 122 I=1,12
IPLA = IPLCT)
IFCI.GT.6) IPLA = IPL(2)
K =1
IFCI.GT.6) K = -6
PO 121 J=1,6
IFC(APARCJ,I).NE.O.) GO TO 1215
121 CONTINUE
GO TO 122
1215 PRINT 824, (APARC(J,I),4=1,6),IPLA,K
122 COMTINUE
123 IFCINDC16).EQ.0) GO 7O 125



e Ne Nl

125

126

1265

1275

130

PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT

IFCIR
PRINT

PRINT

PRINT
PRINT
PRINT

1

DO 1265
APAR(3,1) =
APAR(6,1) =

ALPHA o CC1
OMEGA
CAPPA B CC1

905

824, (BPAR(J),J=1,6)

925

824,(B(1),1=1,6)

827, (STANAMCI),I=1,4),(BC1),1=7,13),(STANAMCI),[=5,6)

926

839, (ISSC1),IDUMTC]),IDUM2CL>,1=1,KCT)
.E0.0) GO TO 126

938

836, (NREJ(I),I=1,1R)

960, TOL

061,R(36), TLMCH, TLNUM

962, CCTMTPCJ,1),d=1,4),ISTACL)Y , ITNSD) ,CTMTPCJ, 1) ,J=5,6),

[=1.NF)
IFCINDC15).EQ.0) GO TO 127

CONTINUE
127 IFCIND(16).EQ.0) GO TO 1275
BPAR(3) = BPAR(3)>+C8
BPAR(6) = BPAR(6)>*(8

SINALP
COSALP
SINOMG
COSOMG
SINCOP
coscop

A1
B1
c1

PI

NR

SINLAT
COSLAT

READ PLATE MEASUREMENTS AND STORE ON TAPE

= CC1

SIN
cos
SIN
€os
SIN
€os
COSALP
COSOMG
SINALP
COSALP
COSOMG
SINALP
SINALP
SINOMG
COSALP

=1,12
= APAR(3,1)+C8

APAR(6,1)+C8

¢ B(D
* B(2)
*» B(3)

(ALPHA)
(ALPHA)
(OMEGA)
(OMEGA)
(CAPPA)
(CAPPA)

*
*

*

* % % @

coscop
SINCOP
coscop
SINCOP
c£oscor
SINCOP
COSOMG

COSOMG

C6+*ABS(B(8)) +
IF(B(7).EQ.1.) PINR B -PINR
= SIN (PINR)
= COS (PINR)
WX=R(13) $ WY=R(14) $ WXY=R(15)
J=M=NOPT=0
ITP = 1

CALL DBUF(1)

DECODE(80,807,BUFFINCINBUF)) NPLT,ITYP,NPT,XT,YT,1CODE,JTEST, ITEST
IF{JTEST.NE.O.OR.ITEST.NE.O) GO TO 145

KP

LT

NPLT

+

+

SINALP

COSALP
SINALP

COSALP

»

C7+«ABS(B(9))

SINOMG

SINOMG
SINOMG

SINOMG

+ C8+ABS(B(10))

IFCISG4.EQ.0.OR.ITYP.NE.O) GO TO 132

IJ
IL

l
I

J+ i
J - IK

SINCOP

SINCOP
coscop

coscop

75



76

o0

o0

c
c
c

132

133
134

135

136

138

140

142

145

J=M=15G4=0

CALL SBUF(5,ITP)

NCT = IXBUFCITP)
BUFT(NCT,ITP)=XUFT(NCT+1,ITP)=YOFT(NCT+2,ITP)=ITYP
BUFTC(NCT+3,ITP)=NPUFT(NCT+4,1TP)=1COGE

ICNTCIJ) = ICNTCIJ)Y + 1

IFCITYP.EQ.0.O0R.ITYP.EG.3) GO TO 133

IFCID.EG.3) GO TO 142

ID=ITYP $§ NOPT=0

GO TO 130

COUNT AND MEAN FIDUCIALS AND DRILL HOLES

IF(NOPT.NE.OY GO TO 135
NOPT = NPT

ID = ITYP

N=SUMX=SUMY=0
IF(NPT.NE.NOPT.OR.ID.NE.ITYP) GO TO 138
N = N+1

IF(N.LE.25) GO TO 136
PRINT 951

GO TO 99
IFCITYP.EQ.0) GO TO 130
IX1(N) = XT*1.E+6 + .001
IY1(N) @ YT*1.E+6 + .001
ICD(N) = ICODE

SUMX @ SUMX + XT

SUMY = SUMY + YT

GO TO 130

IFCID.EG.3) GO TO 142
Ma M+1

IF(M.LE.8) GO TO 140
PRINT 952

GO TO 99

NUM(M) B N

GO TD 134

CHECK AND STORE DRILL HOLES

J o= J+

CALL DRHCHK (J,N,INUM,IX1,1Y1,1CD,18G2,1SG3,1S8G4,IPG)
TN N

X2 SUMX/TN

Y2 = SUMY/TN

CALL REDUCE (X2,Y2,X6,Y6)

XSTOR(J.1J) B X6

YSTOR(J,1J) = Y6

NSTOR(CJ) = NOPT

IFCITYP.EQ.3) GO TO 134

ID = ITYP
NOPT = 0
GO TO 130

LAST CARD OF SET (AND ERROR 2 CARDS)

IFCITEST.EQ.2) GO TO 130
IFCITEST.NE.O> GO TO 146
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146

1462
1463

1464

1465

147
1475

148

JTEST B 0
IK = IJ
GO TO 130

77

LEAST SQUARES TRANSFORMATION OF DRILL HOLES TO BEST SUBSET (PATCH)

IK1 = IK+1
IFCIND(15).EQ.0) GO TO 1463
L =6
DO 1462 I[=1K1,1J
L = L+
DO 1462 J=1,6
APAR(J, 1) = APAR(J,L)
CONTINUE
NU = 0
DO 1464 1=1,6
NU = NU + INDCDD
CONTINUE
XNU = NU
DO 161 1E=1,2
PRINT 999
PRINT 907,1IPLCIE)
PRINT 825,JCAM,ICAM,IPLT,IPLCIE), NCOM,(RCI),I=3,6)
PRINT 826, (R(I1),1=7,36)

IA = 1
IFCIE.EQ.2) IA = IK1
IB = IK

IFCIE.EQ.2Y IB = 1J
CALL PLTCEN (XSTOR,YSTOR,12,1A,XS,YS,1E)
DO 1465 K=1A,IB
ZUMA(CK) = SQRT(ZUMX(K)**2+ZUMY(K)*xx2)
DO 1465 L=1,8
XSTOR(L,K) B XSTOR(L,K) - XSCIE)
YSTOR(L,K) = YSTOR(L,K)> - YSCIE)
CONTINUE
I1sM1 = 1A
IFCIA.EQ.IB) GO TO 1475
Ik2 = 1A + 1
DO 147 K=1K2,1B
IFCZUMACK) .LT.ZUMACISM1)) ISM1 = K
CONTINUE
ISN = ISM1 - A + 1
PRINT 908, ISN
PRINT 912
DO 148 K=1,8
XXX B XSTOR(K,ISM1) + XSCIE)
YYY = YSTOR(K,ISM1) + Y (IE)
PRINT 8301,XXX,YYY,NSTOR(K)
X(K) = XSTOR(K,ISM1)
Y(K) & YSTOR(K,ISM1)
NXY(K) = NSTOR(K)

XF(K,IE) = X(K)
YF(K,IE) = Y(K)
CONTINUE )

ISMCIE) = ISM1
IFCIA.EQ.IB) GO TO 161
DO 160 IL=1A,IB

507-608 O -73 -6
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151

1515
152

153

134

156

157

158

159
160
161

163

164

IFCIL.EQ.ISMCIE)) GO TO 160
IN @ IL - IA + 1
PRINT 909,IN,ISN
INO = O
IFCINDC15).EQ.0) GO TO 152
DO 151 J=1,6
PARCJ) = APARCJ,IL)
CONTINUE
DO 1515 J=1.,8
CALL TRANSF (PAR,XSTORCJ,IL),YSTORCJ,ILD)
CONTINUE
DO 154 J=1,38
DX = X(J) - XSTORCJ,IL)
DY = Y(J) - YSTORCJ,IL)
IFCABS(DX*.LT.R(36).AND.ABS(DY).LT.R(36)) GO TO 153
PRINT 964 .NXY(J),DX,DY
NXYC(J) = 0
GO TO 154
XX(J) 8 XSTORCJ,IL)
YY(J) = YSTOR(J,IL)
INO = INO + 1
CONTINUE
IFCINO.GE.NU)> GO TO 156
PRINT 953,INO
END FILE 5
GO TO 100
DO 157 I=1,6
PAR(I) = 0.
CONTINUE
CALL LSTSG (PAR,INO,INO,XNU,0,RO,DUMM,DUMM)
ROECIL) @ RO
DO 158 J=1,8
CALL TRANSF (PAR,XSTOR(CJ,IL),YSTORCJ,IL))
XFCJ,IEY = XF(J,IE)Y + XSTOR(J4,IL)
YFCJ,IE) = YFC(J,IE) + YSTORC(J,IL)
CONTINUE
DO 159 I=1,6
OPARCI,ILY = PARCID)
CONTINUE
CONTINUE
CONTINUE
ISM1 B ISM(1) § [ISM2 B ISM(2)

FIND CENTER OF PLATE FROM MEAN OF PATCHED DRILL HOLES

DO 167 1=1,2
TN B K
IFCI.EQ.2) TN = IJ-1IK
DO 164 J=1,8

XFCJ, 1) = XFCJ,ID/TN
YFCJ,I) = YFCQJ,ID/TN
CONTINUE

CALL PLTCEN (XF,YF,2,1,XC,YC, 1)
DELX = XF(3,I) - XF(1,D)

DELY = YF(3,1) - YF(1, D)

CALL ANGLE (DELY.DELX,TAUL)
SNTL = SIN(TAUL)>
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CSTL = COS(TAUL)

YCON 1.
F2 = (YF(2,1)-YCCI))«CSTL - (XF(2,1)-XCCI))«SNTL
F4 = (YF(4,1)-YCCI))#CSTL - (XF(4,I)-XCCI))«SNTL

‘IF(F4.LT.F2) YCON = -1.
XC(I) B XCCI) + XS(CI)
YCCI) = YCC(I) + YS(D)
167 CONTINUE
PRINT 911,IPLC1),IPL(2),XCC1),YCC1),XC(2),YC(2)

TRANSFORM PRE-IDENTIFIED SATELLITES TO SYSTEM OF -B- AND -A- SETS
DO 1644 1=1,2

PRINT 914,IPLCI)
DO 1640 J=1,8

X(J) = XF(J, 1) + XSCI) - XCC(D)
Y(J)Y = YF(J,I) + YSCI) - YCCDD)
Y(J) = Y(J)+YCON

NXY(J) = NSTORCJ)
XX(J) = XFP(J)
YYC(J) B YFPCD)
1640 CONTINUE
DO 1641 J=1.,5
PARCJ) B 0.
1641 CONTINUE
IFC(I.EQG.1) PAR(6) = PI/C8
IFCI.EQ.2) PAR(6) B 0.
INDC1)=IND(2)=0
CALL LSTSO (PAR,3,8.3.,0,DUMM,DUMM,DUMM)
DO 1642 J=1,NP
XPSS(J,I) = XPSC(J)
YPSS(J,I1) = YPS(J)
CALL TRANSF (PAR,XPSS(J,I1),YPSS(J.,1))
1642 CONTINUE
SINCO = SIN(PAR(6))
CO0SCO = COS(PAR(6))
XXX = PAR(6)x200./P!
PRINT 915,PAR(4),PAR(S5 ,XXX,SINCO,COSCO,YCON
PRINT 903
DO 1643 J=1,NP
XXX = XPSSCJ,1) + XCC(I)
YYY B YPSS(J,I) + YCC(I)
PRINT 823 ,XXX,YYY,PTNC(J)
1643 CONTINUE
1644 CONTINUE
CALL SBUF(0,1)
179 1F (UNIT,1) 179,180,180,180
180 REWIND 1
MODE(1)>=1 $ LEN(1)=0
IFIRST(1)=NETX(1)=1
CALL SBUF(O0,1)

DECIDE WHICH SET 1S TO BE THE PRIMARY SET FOR MATCHING
ICTTI 2 0

DO 1840 J=1,IK
ICTYT 8 ICT1 + ICNTC(J)
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1840 CONTINUE
ICTe 2 0
DO 1841 J=1K1,1J
ICT2 = ICT2 + ICNTCD)
1841 CONTINUE
ICT3 = ICT1 + ICT2
MCTC(1)=MCT(2)=0
IFCZUMACISM1) .LT.ZUMACISM2)) GO TO 1842
IE=1 $ IL=0
IHDS(1) = IPL(2) $ [IHDS(2) | IPL(T)
GO TO 185
1842 DO 1845 J=1,ICT1
CALL SBUF(5,1)
1845 CONTINUE
[E=2 § IL=IK
IHDSC(1) B IPLC(1) $ IHDSC(2) = [PL(2)

PERFORM COMPARATOR REDUCTION ON STARS AND SATELLITES AND SHIFT TO
CENTER OF PLATE

[y B ow M o M ov )

185 IL 8 IL+1
IC 8 ICNTCIL)
NOPT=ID=LL=LRT=0
DO 1855 L=1,6
PAR(L) = OPARC(L,IL)
RAP(L) @ APAR(L,IL)
1855 CONTINUE
DO 190 K=1,IC
CALL SBUF(5.1)
NCT = IXBUF(1)
X2=BUFT(NCT,1)8Y2=BUFT(NCT+1,1)SITYP=BUFT(NCT+2,1)
NPT=BUFT(NCT+3,1)SICODE=BUFT(NCT+4,1)
IFCITYP.EQ.O0.CR.ITYP.EQ.3) GO TO 190
CALL REDUCE (X2,Y2,X6,Y6)
X6 = X6 - XCC(IE)
Y6 = Y6 - YCLCIE)
IFCINDC(15).NE.O) CALL TRANSF (RAP,X6,Y6)

PATCH STAR AND SATELLITE MEASUREMENTS, NUMBER STARS AND SATELLITES
AND STORE ON TAPE

OO0 0

IFCIL.NE.ISM1.AND.IL.NE.ISM2) CALL TRANSF (PAR,X6,Y6)
XR = X6
YR B Y6+YCON
IFCITYP.EQG.2.0R.ID.EG.2. GO TO 1895

1893 CALL SATNUM (XR,YR,NPT,INOPT,IE)
CALL SBUF<(5,2)
NCT = IXBUF(2)
BUFT(NCT,2)=XRFT(NCT+1,2)=YRFT(NCT+2,2)=1TYP
BUFT(NCT+3,2)=NPT
NCT4 = NCT+4
ENCODE (10,819,BUFT(NCT4,2)) INOPT
MCTC(IEY = MCTC(IEY + 1
GO TO 1897

1895 CALL STRNUM (NPT,NOPT,ITYP,ID,XR,YR)
IFCITYP.EQ.9) GO TO 1893

1897 IF(K.NE.IC.OR.ITYP.NE.2) GO TO 190



(e M ew]

190

1903
1904
1905

1907
1908

1909
1910

1911

1912

1914
1915

1357

ITYP = 9
CALL STRNUM (NPT,NOPT,ITYP,ID,XR,YR)
CONTINUE
IFCIL.NE.IK.AND.IL.NE.IJ) GO TO 185
IFCZUMACISMT1) . LT.ZUMACISM2)) GO TO 1903
IFCIL.EQ.1J) GO TO 1907
IE = 2
GO TO 185
IFCIL.EQ.IK) GO TO 1907
IF CUNIT,1) 1904,1905,1905,1905
REWIND 1
LENC1)=0
IFIRST(1)=NETX(1)=1
CALL SBUF(0, 1)
[E=1 $ 1L=0
GO TO 135

OUTPUT RAW DATA WITH STARS AND SATELLITES NUMBERED

IF C(UNIT,1) 1907,1908,1908,1908
REWIND 1

LENC1)=0

IFIRST(1)=NETX(1)=1

CALL SBUF(C0, 1)

CALL SBUF(0,2)

IF C(UNIT,3) 1909,1910,1910,1910
REWIND 3

MODE(2>=1 $ LEN(2)=0
IFIRST(2)=NETX(2)=1

CALL SBUF(0,2)

LENGT = 0

JFIRST = NEXT = 1

CALL OBUF (1)

ENCODE (80,944 ,BUFFINCINBUF)) (HEADC(1),I1=1,7)

JCT = KCT = 0
00 1916 [E=1,2
CALL OBUF(1)

81

ENCODE (80,847 ,BUFFINCINBUFY) ICAM,IPLT,IPLCIE),NCOM,(RCI),I=3,6)

DO 1911 NG1=7,32,5
NG6 = NQ1 + &
CALL OBUF(¢1)

ENCODE (80,848, BUFFINCINBUF)) (R(I),I=NQG1,NQ6)

CONTINUE
IF(ZUMACISM1).GE.2UMA(ISM2)) GO TO 1357
IFC(IE.EQG.2) GO TO 1914
IJK = MCT(2)

DO 1912 J=1,1JK

CALL SBLUF(5,2)

CONTINUE
GO TO 1357
IF (UNIT,3) 1914,1915,1915,1915
REWIND 3
LEN(2)=0
IFIRST(2)=NETX(2)=1
CALL SBUF(0,2>
CALL SBUF(5,1)

JCT = JCT + 1
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NCT = IXBUF(1)
XT=BUFT(NCT,1)3YT=BUFT(NCT+1,1)SITYP=BUFT(NCT+2,1)
ICODE=BUFT(NCT+4, 1)
IX = XT«1.E+6 + .001
IY = YT+1.E+6 + .001
IFCITYP.NE.O.AND.ITYP.NE.3) GO TO 1359
NPT=BUFT(NCT+3,1)
GO TO 1360
1359 CALL SBUF(5,2)
NCT = IXBUF(2)
NPT = BUFT(NCT+3,2)
IFCITYP.NE.2) GO TO 1360
IF(NPT.EQ.0) GO TO 1372
1360 KCT = KCT+1
KRNTC(KCT,1)=ITYP $§ KRNT(KCT,2)=NPT $ KRNT(KCT,3>=IX
KRNT(KCT,4)=1Y $ PRNT(KCT)=BUFT(NCT+4,2)
1361 IF(KCT.LT.168.AND.JCT.NE.ICT3) GO TO 1371
M2 = 56
IF(M2.GT.KCT)Y M2 = KCT
PRINT 933,NVENT,IPLT
DO 1370 I=1,M2
IF(CI+112) .GT.KCT) GO TO 1363
NM =1 + 112

GO TO 1364

1363 IFCCI+56).GT.KCT) GO TO 1367
NM = I + 356

1364 PRINT 840, C((KRNT(K,M),M=1,4),PRNT(K),Kk=1,NM,56)
GO TO 1370

1367  PRINT 840, (KRNTCI,M),M=1,4),PRNTCI)
1370 CONTINUE
KCT = 0
1371 CALL OBUF(1)
ENCODE (80,841,BUFFINCINBUF))> KPLT,ITYP,NPT,IX,1Y,I1CODE, IDUM
1372 TFCJCT.NE.ICT1.AND.JCT.NE.ICT3) GO TO 1357
CALL OBUF(1)
ENCODE (80,812,BUFFINCINBUF)) IT
1916 CONTINUE

MATCHING SECONDARY SET TO PRIMARY SET (STARS ONLY)

192 1F (UNIT,3> 192,193,193,193
193 REWIND 3
LEN(2)=0
IFIRST(2)=NETX(2)=1
CALL SBUF(0.2)
ICT1=MCT(1) $ ICT2=MCT(2)
IFCZUMACISM1) .GE.ZUMACISM2)) GO TO 194
1CT1=MCT(2) $ 1CT2=MCT(1)
194 PRINT 999
PRINT 923,1HDS(1),IHDS(2),IHDS()
NU = 0
DO 196 I1=1,6
NU = NU + IND(I+6)
196 CONTINUE
KNU = NU

READ SECONDARY SET FROM STORAGE
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197
198

199

201

202

205
206

207

210
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INO=IRESCK=K=KL=0
DO 202 L=1,ICT1
CALL SBUF(5,2)
NCT = [XBUF(2)
XT=BUFT(NCT,2)8YT=BUFT(NCT+1,2)31TYP=BUFT(NCT+2,2)
NOPT=BUFT(NCT+3,2)
IF(NOPT.EG.0) GO TO 202
IFCIR.EQ.0> GO TO 198
00 197 I=1,IR

IF(NOPT.EG.NREJ(I)) GO TO 202

CONTINUE
XT = =-XT
YT = -YT
IFCIND(16).EQ.0) GO TO 199
CALL TRANSF (BPAR,XT,YT)
IFCITYP.GT.7) GO TO 201
K = K+1
XX(K) = XT
YY(K)Y = YT
NXY(K) @ NOPT
GO TO 202
KL = KL+1
XSAT2(KL)>
YSAT2(KL)
NSAT2(KL)
CONTINUE
LL = LLL =K
KLL = KL

XT
YT

NOPT

READ PRIMARY SET AND LOOK FOR MATCH

PRINT 924,IHDSC(1)

PRINT 945
LINCNT = 6

k=1 $ [=M=KL=0
J B K

CALL SBUF(5,2?

NCT = IXBUF(2)
XT=BUFT(NCT,2)3$YT=BUFT(NCT+1,2)SITYP=BUFT(NCT+2,2)
NOPT=BUFT(NCT+3,2)

I = 1+

IF(NOPT.EQ.0) GO TO 213
IFCITYP.GT.7) GO TO 211
IFCNXY(J).EQ.NOPT) GO TO 212

J B J+1

IFC(J.LE.LLL) GO TO 207

PRINT 830,XT,YT,WX,WY,WXY,ITYP,NOPT
LINCNT = LINCNT + 1

IF(M.LT.150) GO TO 2190

PRINT 966, IHDS(1)

GO TO 291

MF = 1000-M

X(MF) = XT

Y(MFY = YT

NAM(M+1) = NOPT

M = M+
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IFC(I-1C€T2)205,215,205
211 KL & KL+1

XSAT(KL)Y = XT
YSAT(KL)Y = YT
NSAT(KL) = NOPT

213 1F(1-1CT2)206,215,206
212 DELX = XX(J) - XT
DELY = YY(J) - YT
IFCABS(DELX).LE.TLMCH.AND.ABS(DELY).LE.TLMCH) GO TO 214
PRINT 955,XT,YT,WX,WY,HWXY,ITYP,NOPT,DELX,DELY
LINCNT = LINCNT + 1
TEMP = XX(LLL)
XX(LLL) = XX(J)
XX(J) = TEMP
TEMP = YY(LLL)
YYCLLL) = YY(J)
YY(J) = TEMP
TEMP = NXY(LLL)
NXYC(LLL) = NXYCJD
NXY(J) = TEMP
LLL = LLL - 1
IFCI-1€T2>205,215,205

214 X(K) = XT
Y({K) = YT
TEMP = XX(K)>

XX(K)Y = XX(¢(J)

XX(J) B TEMP

TEMP = YY(K)

YY(K) YY)

YYCJ) TEMP

TEMP = NXY(K)

NXY(K) B NXY(J)

NXY(J) B TEMP

K = K+1

INC = INO + 1

IF(I-1CT2)205,215,205
215 IF(M.EQ.0) GO TO 221

LOOK FOR MEASUREMENT MATCH AND RENUMBER

IHD 2 0O
D0 220 IQ=1,M
IF(k-1.EQG.LL) GO TO 221
MF = 1001-10
DO 217 J@=K.,tLL
DELX = XX(JG) - X(MF)
DELY = YYWJAQ) - Y(MF)
IFCABS(DELX).LE.TLNUM.AND.ABS(DELY).LE.TLNUM) GO TO 218
217 CONTINUE
GO TO 220
218 IFCIHD.GT.0) GO TO 219
PRINT 946,IHDS(2),IHDS(1)
IHD = 1
219 PRINT 947 ,NXY(CJQ) ,NAMCIQ)
X(k) = X(MF)
Y(K) = Y(MF)
NXY(JQ) B NXY(K)
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NXYC(K) = NAMCIQ)
TEMP = XX(K)
XX(K) B XX(JA)
XX{(JQ) = TEMP
TEMP = YY(K)
YY(K) = YY({JQ)
YY(JQ) = TEMP
K = K+1
: INO = INO + 1
220 CONTINUE
221 KK = KKK B K-1
IFCINO.GE.NU) GO TO 223
PRINT 953,INO

GO TO 291
223 DO 224 J=1,6
PAR(J) = 0.

224 CONTINUE
CALL LSTSO (PAR,kKK,INO,XNU,6,ROES,XMEAN, YMEAN)

CHECX RESIDUAL SIZE

IFCIRESCK.EG.1) GO TO 229
IF(REJECT.EQ.0.) REJECT = 3.
REJX = REJECT=*XMEAN
REJY = REJECT*YMEAN
DO 228 J=1,KK
IFCABS(VX(J)).LT.REJX.AND.ABSC(VY(J)).LT.REJY) GO TO 228
IFC(IRESCK.EG.1) GO TO 227
PRINT 999
PRINT 927,REJECY
IRESCK = 1
227 TELG 8 VX(J) » 1.E+6
TEJG B VY(WJ) * 1.E+6
PRINT 940,NXY(J),TELG,TEJG
INO = IND - 1
NTX = NXY(J)/1000
IF(JR.EQ.O0) GO TO 2275
DO 2273 L1=1,JR
[FCNTX.EQ.NCR(L1)) GO TO 2277
2273 CONTINUE
2275 JR = JR+1
NCR(JR) = NTX
2277 NXY(J) = 0
228 CONTINUE
IFCIRESCK.EQ.1) GO TO 223

STORE MATCHED STAR POINTS ON TAPE

229 )F (UNIT,1) 229,230,230,230
230 REKWIND 1
MODE(1)=LENC(1)=0
IFIRSTC1)=NETX(1)=1
NS = 0
DO 232 J=1,KK
IF(NXY(J).EQ.0) GO TO 232
NS @ NS + 1
XM = (X(J) + X0C¢J))/2.
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232

234
236

237

238

239

YM B (Y(J) + YOUJI)/2.
CALL SBUF(4, 1)
NCT = IXBUFC(1)
BUFT(NCT,1)=XMFT(NCT+1,1)=YMFT(NCT+2,1)=1TP2
BUFT(NCT+3,1)=NXY(J)
CONTINUE
KK1 B KK+1
IF(KK1.GT.LL) GO TO 236
PRINT 928,IHDS(2)
PRINT 945
DO 234 J=KK1,LL
CALL TRANSF (PAR,XX(J),YY(J))
PRINT 830,XXC(J),YYCI) WX, WY, WXY,ITPZ,NXY(J)
CONTINUE
CALL HISTO (XMEAN,YMEAN,KK,INO,IHIST,TITLE)
PRINT 996
KKS = KK
DO 237 J=1.KK
X0C¢J) = NXY(d)
CONTINUE

ROTATION AND TRANSLATION OF SATELLITE POINTS

PRINT 999
PRINT 929, IHDS(1)
PRINT 945
KL1 = KLL-1
DO 238 J=1,kKL1
I = KLL-J
DO 238 k=1,1
TF(NSAT2(K).LT.NSAT2(K+1)) GO TO 238
TEMP B XSATZ(K)
XSATZ2(K) = XSATZ(K+1)
XSAT2(K+1) @ TEMP
TEMP = YSAT2(K)
YSATZ2(K) = YSAT2(K+1)
YSATZ(K+1) = TEMP
TEMP = NSAT2(K)
NSAT2(K) = NSATZ2(K+1)
NSAT2(K+1) = TEMP

CONTINUE
KL1 = KL-1
DO 239 J=1,KL1
I = KL-J
DO 239 k=1,1
IFC(NSAT(K).LT.NSAT(k+1)) GO TO 239
TEMP = XSAT(K)
XSAT(K) = XSAT(K+1)
XSAT(K+1) = TEMP
TEMP = YSAT(K)
YSAT(K) = YSAT(K+1)
YSAT(k+1) B TEMP
TEMP = NSAT(K)
NSAT(K) B NSAT(K+1)
NSAT(K+1) = TEMP
CONTINUE

NB=ND=SUM=XSUM=YSUM=XSUMS=YSUMS=0
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240
241

2415

242

243

244

246

247

248

L =1

D0 246 J=1,KL
IFCIR.EQ.0) GO TO 241
DO 240 k=1,1IR
[F(NSAT(J) .EQ.NREJCK)) GO TO 246

CONTINUE

IF(L.GT.KLL) GO TO 2415
IF(NSAT(J)-NSAT2(L)) 2415,243,242
PRINT 830,XSAT(J),YSAT(J),W1,W2,W3,ITP9,NSAT(J)
GO TO 246
NB = NB + 1
XX(NB) = XSAT2(L)
YY(NB) = YSAT2(L)
XX(NB+750) = NSAT2(L?
L = L+1
GO TO 241
XA=XSAT(J) $ YA=YSAT(J)
XB=XSAT2(L) % YB=YSATZ(L)
L =L+
DELX = XB - XA
DELY = YB - YA
IFCABS(DELX).LE.TLMCH.AND.ABS(DELY).LE.TLMCH) GO TO 244
PRINT 955,XA,YA,W1,W2,W3,ITP9,NSAT(J),DELX,DELY
NB = NB + 1
XX(NB) = XB
YY(NB) B YB
XX(NB+750) = NSAT(J) :
GO TO 246
CALL TRANSF (PAR,XB,YB)
XR = (XA + XB)/2.
YR = (YA + YB)/2.
SUM = SUM + 1.
DX B 2.x(XA - XR)
DY = 2.+«(YA - YR)
XSUM = XSuM + DX
YSUM = YSUM + DY
ND = ND + 1
CALL SBUF(4,1)
NCT = IXBUF(1)
BUFT(NCT, 1)=XRIFT(NCT+1,1)=YRBFT(NCT+2,1)=]TP9
BUFT(NCT+3,1)=NSAT(J)
X(ND> = DX=*1.E+6
Y(ND) = DY=*1.E+é6
NXY(ND) B NSAT(J)
CONTINUE

PRINT DIFFERENCES AFTER SATELLITE TRANSFORMATION

M1 B 1

M2 = 54

IF(M2.GT.ND) M2 = ND

PRINT 942,NVENT,IPLT

DO 253 J=M1,M2
IF((J+162).GT.ND) GO TO 248
NM = g o+ 162
GO TO 251
IF<€J+108).GT.ND) GO TO 250
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NM = J + 108

GO TO 251

250 IF((J+54).GT.ND) GO TO 252
NM = J + 54

251 PRINT 940, (NXY(K),X(K),Y(K),K=J,NM,54)
GO TO 253

252 PRINT 940,NXY(J) , XC(J),Y (DD
253 CONTINUE
M1 = M1 + 216
M2 = M2 + 216
IF(M1.LE.ND) GO TO 247
CALL SBUF(0,1)
255 IF (UNIT,1) 255,256,256,256
256 REWIND 1
MODE(1)=1 § LEN(1)=0
IFIRST(1)=NETX(1)=1
CALL SBUF(O,1)
XM = XSUM/SUM+*1_.E+6
YM = YSUM/SUM+1.E+6
DO 258 J=1,ND
XCd) X(J) - XM
Y(d) Y(J) - YM
XSUMS = XSUMS + X(J)»»x2
YSUMS = YSUMS + Y(J)x+2
258 CONTINUE
ERRX = SORT(XSUMS/(4.+ND))
ERRY & SQRT(YSUMS. (4.*ND?)
ERRXY = SORT((XSUMS+YSUMS)/(&8.+ND))
PRINT 931,XM,YM,ERRX,ERRY, ERRXY
ERRXY = ERRXY ¢ 1.E-6
IF(NB.EG.0> GO TO 263
PRINT 932,IHDS(2)
DO 261 J=1,NB
CALL TRANSF (PAR,XX(J),YY(J))
NPPT = XX(J+750)
PRINT 830,XX(J),YY(J), W1, W2,W3,ITP9, NPPT
261 CONTINUE

PRINT OUTPUT AND WRITE ON TAPE

263 PRINT 936

IFCZUMACISM1) .LT.ZUMACISM2)) PRINT 965

PRINT 9451

LINCNT = 5

LK = N5 + ND

J =03 K =1

D0 277 I=1,LK
CALL SBUF(4,1)
NCT = IXBUF(1)
XR=BUFT(NCT,1)$YR=BUFT(NCT+1,1)81TYP=BUFT(NCT+2,1)
NOPT=BUFT(NCT+3, 1)
IFCZUMACISM1) ,LT.ZUMACISM2)) XR
IFCZUMACISM1) . LT.ZUMACISM2)) YR
CALL OBUF(1)
IFCITYP.GT.7) GO TO 271
ENCODE (80,811,BUFFINCINBUF)) XR,YR,WX,WY,WXY,ITYP,NOPT,IPLT
PRINT 8302,XR,YR, WX, WY WXY,ITYP,NQPT,IPLT

-XR
-YR



OO0

265

269

270

2705
2707

271

276

277

278

280

283

285

290
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IFC(I.NE.NS) GO TO 265
INF = INBUF + 6
ENCODE (20,849,BUFFINCINF)) NOPT,IPLT,IT
TNOP = NOPT
DO 269 L=K,KKS
L =1
IFCTNOP.EG.XO(L)) GO TO 270
CONTINUE
XX(L) = XR
YY(L) = YR
K = L+
NTX = NOPT/1000
IFCMR.EQ.0) GO TO 2707
DO 2705 L1=1,MR
IF(NTX.EQ.MEA(L1)) GO TO 276
CONTINUE
MR = MR+1
MEA(MR) B NTX
GO TO 276
ENCODE (80,811,BUFFINCINBUF)) XR,YR,W1,W2,W3,ITYP,NOPT, IPLT
PRINT, 8302,XR, YR, W1,H2,W3,ITYP,NOPT,IPLT

J = J+1
X(J) = XR
Y(J) = YR

NXYC(J)> = NOPT
LINCNT 8 LINCNT + 1
IFCLINCNT.LT.60)> GO TO 277
PRINT 937
PRINT 9451
LINCNT = 3
CONTINUE
INF = INBUF + 6
ENCODE (20,849,BUFFINCINF)) NOPT,IPLT,IT
IFCIND(20).EQ.0) GO TO 285
IF(X0(KKS).NE.O.) GO TO 280
KKS = KK5-1
GO TO 278
DO 283 1=1,KKS
IF(X0(I).EQ.0.) GO TO 283
NPPT = XO0CI)
CALL OBUF (1)
ENCODE (80,838, BUFFINCINBUF)) XXCI)>,YYCI),VX(I),VYCID) NPPT,IPLT
CONTINUE
INF = INBUF + 6
ENCODE (¢20,850,BUFFINCINF)) NPPT,IPLT,IT

CURVE FIT, HISTOGRAM, GRID PLOT, SUMMARY SHEET

IFCIND(19).EG.0) GO TO 290
IFCICF.NE.O)> IORDER(1) = ICF
CALL CURVFT (ND,IHIST,IND(21),10RDER,ROES,ERRXY,RSX,RSY)
CALL GRID(IR,JR,MR,IW
ROES=ROES*1.E+6 $ ERRXY=ERRXY*1.E+6 $ RSX=RSX*1.E+6 3RSY=RSY*1.E+6
XMEAN=.5+«XMEAN*1_.E+6 $ YMEAN=.5*YMEAN~*1.E+6
DO 2899 I=1,1J
IF(I.EQ.ISM1.0R.1.EG.ISM2) GO TO 2899
OPAR(6,1) = OPAR(6,1)/C8
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ROECI) = ROE(I)*1.E+6
OPAR(1,1)=0PAR(1,1)x1.E+6 $ OPAR(2,I)=CPAR(2,1)x1_E+6
OPAR(4,1)>=0PAR(4,1)x1 E+6 $ OPAR(S5,I1)=0PAR(5,I)*1.E+6
2899 CONTINUE
PAR(1)=PAR(1)*x1.E+6 $ PAR(2)=PAR(2)x1.E+6 $ PAR(4)I=PAR(4)*x1 . E+6
PAR(S5)=PAR(5)*1.E+6 $ PAR(3)=PAR(3)/C8 $ PAR(6)=PAR(6)/C8
PUNCH 817,NVENT,IPLT,ROES, INO,NVENT, IPLT,ERRX,ERRY,ERRXY,ND
CALL SHIFTG (STANAM(1),NSTA,24)
CALL MICARD (IPLT,NVENT,NSTA,DUM,DUM,DUM,0,0)
PRINT 999
PRINT 973
IDM1 = NVENT $ IDM2 o [PLT
DO 2909 I1E=1,2
IA @1
IFCIE.EQ.2) 1A = [K1
1B @ IK
IFCIE.EQ.2) IB B ]J
IFCIE.EQ.2) IDM1 = IDM2 = 1H
IFCISMCIE) .NE.IA) GO TO 2901
PRINT 968,1DM1,IDM2,.NCOM,IPLCIE),IT,ZUMX(IA)Y,ZUMY(IA),SX(IA),
1 SY(IA)
GO TO 2902
2901 PRINT 968,IDM1,I1DM2,NCOM,IPLCIE),IT,2UMX(TAY,2UMY(TA),SX(TA),
1 SY(IA),(OPAR(J,I1A),J=1,2),¢(0PAR(J,1A),J=4,6),ROE(CIA)
2902 PRINT 998
IFCIA.EQ.IB)Y GO TO 2909
Ikz @ JA + 1
DO 2904 [=1KZ,IB
IL =1 - IA + 1
IFCI.EQ.ISMCIEY>Y GO TO 2903
PRINT 969,IPLCIEY, IL,ZUMXC(I),2UMY(C]I),SX(1),SY(I), (OPAR(J, 1),
1 J=1,2),C0PARC(J,1),J=4,6),ROE(])
GO TO 2904
2903 PRINT 969, IPLCIE),IL,2UMXCI),2UMY (1) ,SXCL),SY(])
2904 PRINT 998
2909 CONTINUE
2910 PRINT 974
ISNZ2 = [ISM2 - K
IF(ZUMXCISM1).LT.2UMXCISM2)) GO TO 2911
PRINT 971.,IPLC1),ISM1,(PAR(J),J=1,6),XMEAN,YMEAN , ROES
PRINT 972,IPL(2>,1SN2,ERRX,ERRY,ERRXY,ND,RSX,RSY
GO TO 291
2911 PRINT 971,IPL(2),15N2,(PARCJ),J=1,6),XMEAN,YMEAN,ROES
PRINT 972,IPL(1),1SM1,ERRX,ERRY,ERRXY,ND,RSX,RSY
291 CALL OBUF(0)
END FILE S
GO TO 100
720 FORMAT (+#1J0B STEP ABORTED=*/* INPUT AREA*//)
722 FORMAT (4X,8A10)
799 FORMAT(FS5.1,2(3X,E14.8))
800 FORMAT(18X,A3,5A10,A9)
801 FORMAT(2212,F6.2,10X,A5,4X,11)
802 FORMAT(2E14.8)
803 FORMAT(2E14.8,32X,F6.0,13X,11)
804 FORMAT(6E12.8,7X,11)
805 FORMAT(A1,A4,1X,A4)
806 FORMAT(1IX,E14.8,1X,E14.8,1X,E14.8,1X,E14.8,1%X,E14.8)
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807 FORMAT(I4,11,13,2F6.6,48%,11,9X,211)
808 FORMAT(A1,1X,11)
810 FORMAT(11X,11,3X,4(1X,E14.8))
811 FORMAT(Z2E14.7,3E10.3,12,16,1X,A4)
812 FORMAT(79X,11)
813 FORMAT(16,73X,11)
814 FORMAT(3A10,A4,A1,1X,11,A10,A8,24X,11)
816 FORMAT(A7,3A8,F1.0,1X,2F4.0,F8.4,F5.0,F4.0,F8.4,2A7)
817 FORMAT(1X,A5,1X,A4,29X,F6.2,14,28X,1H1/1X,A5,1X,A4,27X,3F5.1,13,
1 21X,2H-2)
818 FORMAT(1X,9(I11,12,1X,12,2X))
819 FORMAT(16)
822 FORMAT(2X,2E14.7)
823 FORMAT(2X,2E14.7,32X,F6.0)
824 FORMAT(1X,6E14.7,5X,A1,1H-,11)
825 FORMAT(1X,A1,A4,A4,A1,13,3X,4C01X,E14.7))
826 FORMAT(3X,E14.7,1X,E14.7,1X,E14.7,1X,E14.7,1X,E14.7)
827 FORMAT(1X,A7,3A8,F1.0,1X,2F3.0,F8.4,F4.0,F3.0,F8.4,2A7)
830 FORMAT(1X,2E14.7,3E10.3,12,16,1X,A4)
8301 FORMAT(1X,2E14.7,32X,16)
8302 FORMAT(»T», 2E14.7,3E10.3,12,16,1X,A%)
836 FORMATC(I®)
838 FORMAT(4(1X,E14.7),1X,16,1X,A4)
839 FORMAT(2X,9¢(11,12,1X,12,2X))
840 FORMAT(xT+*,3C1X,11,1X,16,2X,16,2X,16,3%X,A6,10X))
841 FORMAT(I4,11,316,45X,11,10X,11)
847 FORMAT(A4,A4,A1,2X,11,3X,4(1X,E14.7))
848 FORMAT(S(1X,E14.7))
849 FORMAT(l6,1X,A4,8X,11)
850 FORMAT(1X,16,1X,A4,7X,11)
900 FORMAT(1H1,30(/),60X,* JOB STEP *,A3,///7/52X,5A10,A9)
901 FORMAT(+ PLATE DATA REDUCTION=+,40X,* DATE OF COMPUTATION »A10//
1 3X,11H EVENT NO. ,AS5,11H PLATE NO. ,A4,5X,15H COMPARATOR NO.,I3
2 /1110
902 FORMAT(//+ 'PRELIMINARY DRILL HOLES*/)
903 FORMAT(//27H PRE-IDENTIFIED SATELLITES/)
904 FORMAT(//31H INPUT PARAMETERS FOR PATCHING/)
905 FORMAT(//31H INPUT PARAMETERS FOR MATCHING/)
907 FORMAT(15X,20H *x»xxxxxx DATA SET ,AT1,1X,9H wxxexxxwex////23X,14H IN
1PUT HEADERS/)
908 FORMAT(///16X,x SUBSETxI13,» TAKEN AS STANDARD =)
909 FORMAT(1H1/25X,+ PATCH SUBSET+I3,» TO SUBSET*I3 /)
911 FORMAT(1H1/5X,» CENTER SHIFT FOR -»,A1,5H- SET,15X,* CENTER SHIFT
1FOR -»,A1,5H- SET//6X,8H TRANS X,7X,8H TRANS Y,17X,8H TRANS X, 7X,
2 8H TRANS Y/2X,2¢1X,E14.7),10X,2C1X,E14.7)/1)
912 FORMAT(//13H DRILL HOLES/)
913 FORMAT(r PATCHING AND MA. CHING SOLUTIONS SET AT »,612,1X,612//
1 « OTHER OPTIONS «,51X,1012)
914 FORMAT (1H1,+ TRANSFORMATION OF PRE-IDENTIFIED SATELLITES T0 -=,
1 A1,5H- SET)
915 FORMAT( //33X,» TRANSFORMATION PARAMETERSx*//4X,8H TRANS X,7X,8H T
1RANS Y,5X,11H ROT(GRADS),8X,4H SIN,11X,4H CO0S,10X,5H YCON/6(1X,
2 El6.700)
923 FORMAT(* SET -« A1,r- TAKEN AS STANDARD FOR MATCHING «/////7X,24H
1 *xexxxxr MATCHING SET - A1,10H- TO SET - A1,10H- txxxnexx//)
924 FORMAT(» UNMATCHED -+ A1,*- STAR POINTS #/)
925 FORMAT(//37H CAMERA ORIENTATION AND STATION DATA/)
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926 FORMAT(//51H INITIAL IMAGE AND NUMBER OF IMAGES FOR EACH TRAIL/)
927 FORMAT(87H SOLUTION MUST BE RECOMPUTED BECAUSE THE FOLLOWING POIN
1TS HAVE RESIDUALS GREATER THAN ,Fé6.2,22H TIMES THE SGRT OF SuM//

2 22H PT NO DLX DLY)
928 FORMAT(1H1/* TRANSFORMED UNMATCHED -+ A1,x- STAR POINTS «/)
929 FORMAT(x UNMATCHED -* A1,x- SATELLITE POINTS =*/)
931 FORMAT(//11H SUM DX/N ,F7.3,14H SUM DY/N ,F7.3,14H M ERR
T X ,F7.3,14H M ERR Y ,F7.3,15H M ERR XY ,F7.3/)
932 FORMAT(1H1/* TRANSFORMED UNMATCHED -» A1,*- SATELLITE POINTS */)
933 FORMAT(3HTPG,41X,43H ORIGINAL MEASUREMENTS WITH POINTS NUMBERED,
1 20X,7H EVENT A5,9H PLATE A4/1HT,54X,16H (-B- SET FIRST)/*Tx/
2 «Tx,3(34H C PT NO X Y SAT PT,10X))
936 FORMAT(3HTPG,13H OUTPUT DATA/xTx)
937 FORMAT(3HTPG,21H OUTPUT DATA (CONT.)/*Tx)
938 FORMAT(//40H THE FOLLOWING POINTS ARE TO BE REJECTED /)
940 FORMAT(4(1X,16,1X,F7.3,1X,F7.3,4X))
942 FORMAT(1H1,5X,17H SATELLITE POINTS,11X,43H DIFFERENCES AFTER TRANS
1FORMATION (MICRONS),17X,7H EVENT A5,9H PLATE A4//4(22H PT NO
2 DLX DLY,5X))
944 FORMAT(18HB JOB STEP ,A3,5A10,A9)
945 FORMAT(7X,2HLX,12X,2HLY,10X,2HWX, 8X,2HWY, 8X,3HWXY,6X,5HPT NO)

9451 FORMAT(1THT,6X,2HLX,12X,2HLY, 10X, 2HWX, 8X,2HRY, 8X, 3HWXY,6X,5HPT NQO)
946 FORMAT(////+x THE FOLLOWING POINTS WERE MATCHED BUT NUMBERED INCOR
TRECTLY*//20H INCORRECT NUMBER (,A1,20H) CORRECT NUMBER (,A1,

2 1H))

947 FORMAT(8X,16,16X,16)

951 FORMAT(32H MORE THAN 25 READINGS PER POINT)

952 FORMAT(30H INCORRECT NUMBER OF FIDUCIALS)

953 FORMAT(18H NO SOLUTION ONLY I5,15H MATCHED POINTS)

955 FORMAT(1X,2E14.7,3E10.3,12,16,2X,29H COMMON POINT REJECTED DX =
1 E9.2.6H DY B E9.2)

960 FORMAT(//x TOLERANCE FOR DRILL HOLE CHECK TOTAL » F6.1,»
1TINDIVIDUAL 3.5¢%)

961 FORMAT(//+ PRE-PATCHING TOLERANCE * E14.7///+ PRE-MATCHING TOLER
TANCE * E14.7,5X,* RENUMBERING TOLERANCE ¢ E14.7)

962 FORMAT(//+ TIME AND TEMPERATURE DATA *//(1X,3A%10,A4,A%1,1H-,11,
1 A10,A8))

964 FORMAT(* COMMON POINT +16,16H REJECTED DX B E14.7,6H DY = E14.7)

965 FORMAT(+T DATA ROTATED 180 DEGREES TO -A- ORIENTATION #/xTx)

966 FORMAT(+ MORE THAN 150 UNMATCHED -* A1,*- POINTS »)

968 FORMAT(1X,AS5,2X,A4,1X,12,3X,A1,1H~,11,2X,2¢1X,F5.1),1X,2F5.2,4X,
1 2¢1X,F5.2),1X,2¢1X,F6.2),2X,F6.2,1X,F5.2) .

969 FORMAT(18X,A1,1H-,I11,2X,2(1X,FS5.1),1X,2F5.2,4X,2C¢1X,F5.2),1X,
1 2C1X,F6.2),2X,F6.2,1X,F5.2)

971 FORMAT(18X,A1,1H-,11,2X,2 1X,F6.2),3C1X,F5.2),1X,F6.2,1%X,3F5.2/)

972 FORMAT(18X,A1,1H-,11,59X,3F5.2,15,2C1X,F5.2)/)

973 FORMATC//7//711111122X,28H = CLOSURE *,1T1X,176H P A T
1T CHTINGEG,11X,2H «//88H EVENT PLT CMP SET D H SHIFT MN E
2RROR SCALE DELTA ROT M E/26X,47H X Y
3 X Y X Y X Y/’

974 FORMAT(///1/22X,2H *,19X,1T6H M A T C H 1 N G,19X,2H *,7X,20H S A T
TELLITES,6X,2h x//27X,86H SCALE AL DELTA ROT
2 MEAN ERROR MEAS M ERR PTS CRVFT M ERR/26X,85H X
3Y X Y X Y XY X Y XY
4 X Y/)

996 FORMAT(3HTQG)
997 FORMAT(1HT)



998 FORMAT(1H )
999 FORMAT(1H1)
END

507-908 O - 73 - 7
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SUBROUTINE REDUCE (X2,Y2,X6,Y6)

COMMON /RD/ R(36),IND(22)

SINA = SIN(R(19))

X4 = X2*R(16) + YZ2*xR(17)*SINA

Y& = Y2xR(17)

IFCIND(14>)34,33,34
33 X5=Y5=0

GO TO 35
34 FIX4 B R(18) X4

FIY4 = R(18)rY4

SNX4=SIN (FIX4)

CSX4=C0S (FIX4)

SNY4=SIN (FIY4)

CSY4=C0S (FIY4)

SN2X4=2.*SNX4*CSX4

CS52X4=(2.xCSX4xx2)-1,

SN2Y4= 2.x SNY4*CSY4

£S2Y4=(2.xCSY4 »x2)-1.

SN3X4=(3 . *SNX4xCSX4xx2)-SNX4x%3

CS3X4=CSX&»*x3-(3 . *SNX4xx2xLSX4)

SN3Y4=(3 . *SNY4xCSY4*xx2)-SNY4*x3

CS3Y4=CSY4xx3-(3.xSNY4xx2xCSY4)

X5 = (R(21)/2. + R(22)xCSX4 + R(23)*SNX4 + R(24)*xCS2X4 + R(25)«x

1 SN2X4 + R(26)*CS3X4 + R(27)%xSN3X4)

Y5 = (R(28)/2. + R(29)xCSY4 + R(30)>*SNY4 + R(31)xCS2Y4 + R(32)+

1 SN2Y4 + R(33)+CS3Y4 + R(34)xSN3Y4)
35 X6 = X& + X5

Y6 = Y& + Y5

RETURN

END



SUBROUTINE DRHCHK (J,N,INUM,IXI,IY!,ICD,18G2,15G3,15G5,I1PG)
DIMENSION IX1¢25),1YI1(25),1CD(25),INUM(4,2),L(2),MES(2)
COMMON /BAS/ DUM(9000),IPLT,NVENT
COMMON /DH/ TOL,SUMX(12),SUMY(12),SEX(12),SEY(12),D1(¢(8),D2(8)>,
1 TM(6,12),ISTACTI2),ITNC12),NF,IJ,IK,IL,IN
COMMON /CDBUF/ LENGT,NEXT,JFIRST, INBUF,BUFFIN(1024),ENDFLQ, JSAP
1 LITIL,ITO
COMMON /SV/ SAVE(512),1SV
DATA MES/2H ,2Hxx/
IPLTST = 1HB
IFCIK.GT.0) IPLTST = 1HA
IFCJ.NE.1) GO TO 9
po 1 M=1,8
D1<(M) 8 1000.
D2(M) = 1000.
1 CONTINUE
IFCIPG.LE.O) PRINT 200
IFCIPG.EQ.1) PRINT 201
IFCIPG.GE.O) GO TO 2
PRINT 202
IPG = 0
2 DO 6 IN=1,NF
IFCISTACIN) .NE.IPLTST) GO TO 6
IFCITNCIN).EQ.IL) GO TO 7
6 CONTINUE
PRINT 150,1L,IPLTST
INB O
GO T0 9
7 PRINT 151, (TM(M,IN) ,M=1,4),ISTACIN) , ITNCIN), (TM(M,IN),M=5,6)
9 15G=0 $ JK=1
DO 10 I=2,N
IFCICDCI).EG.ICDCI-1)) GO TO 10
ISG = ISG + 1
IP = 1-1
10 CONTINUE
IFCISG.EQ.1) GO TO 30
1FCJ.GT.4) GO TO 20
NNUM = INUMCJ,1) + INUM(J,2)
IFCNNUM.NE.N) GO TO 12
IP = INUMCGJ, 1)

GO TO 30
12 JK = 2
IFC(N.LT.6) GO TO 99
IP = N/2
GO TO 30
20 DO 25 1=1,2
LC<I> =0
IFCINUMCY,I).EQ.INUM(Z, 1) .AND.INUMCT, 1) . EQ.INUMC3,1)) L(I) =
IFCINUMCT,I) . EQ.INUM(Z, 1) .AND.INUMCT, 1) . EQ.INUMCS, 1)) LCI) &
IFCINUMCT,I) . EQ.INUMC3, 1) . AND.INUMCT, 1) EQ.INUMC(4, 1)) LCI) B
IFCINUM(Z2,1).EQ.INUM(3,1) . AND.INUMC2,1).EQ.INUMC(4,1)) L(]I) =

IFCINUMCT,1).EQ.INUMC2,1) . AND.INUMCT,1).EQ.INUM(3,1) . AND.
1 INUMCT,I).EQ.INUMC4, 1)) LCIY = 5
25 CONTINUE
IFCLC1).EQ.5.AND.L(2).NE.O) GO TO 27
IF(L(2).EQ.5.AND.LC1).NE.O) GO TO 27
IFCLC1)Y.NE.O.AND.LC1).EG.L(C2)) GO TO 27

=N W



GO T0 29
27 K = 1

[F(LC1)Y.EQ.1.0R.L(2)Y.EQ.1) K=2

NNUM = INUMCK,1) + INUM(K,2)

[F(NNUM_NE.N) GO TO 12

IP = INUM(K, 1)

GO 10 30

29 JK = 2
IF(N.LT.6) GO TO 99
IP = N/2

30 IX2=]1Y2=1X3=1Y3=0

DO 35 M=1,IP
IX2 = IX2 + IXI(M)

IY2 = 1Y2 + IYI(M)
35 CONTINUE

X2 = FLOATC(IX2)/FLOATCIP)

Y2 = FLOATCIY2)/FLOATC(IP)
IQ = IP+1

DO 36 M=IQ,N
IX3 B IX3 + IXI(M)

IY3 o 1Y3 + IYI(M)
36 CONTINUE
IR @ N-IP

X3 = FLOAT(IX3)/FLOATC(IR)

Y3 = FLOATCIY3)/FLOAT(IR)

D1¢J) = X3 - X2

D2¢J) @ Y3 - Yo

SUMX(1J) = SUMX(1J) + D1(J)

SUMY(1J) = SUMY(IJ) + D2(J)

IF(J.EOQ.1) PRINT 79

PRINT 80,X2,X3,Y2,Y3,D1¢J)>,02¢J),MESCJK)

IF(J.LT.8) RETURN

37 1SGS5 = 1

IFCIN.NE.O) CALL MONTH (TM(3,IN),MNUM)

IF(ISG2.LE.3> GO TO 38

IFCIN.NE.O) PUNCH 153, C(TM(M,IN) ,M=1,4),ISTACINY , ITNCIN)Y, CTM(M,IN),

1 M=5,6),MNUM

IFCIN.EG.0) PUNCH 155,NVENT,IPLT,IPLTST,IL

SUMX(I1J) = 1000. & SUMY(IJ) @ 1000.

GO TO 44

38 IF(ISG2-2) 39,40,41
39 DX = SUMX(IJ)/8. $ DY = SUMY(IJ)/8.
GO TO 42
40 DX B SUMX(IJ)Y)/7. $ DY B SUMY(IJ)/7.
SUMX(1J) = 8.+*DX § SUMY(I1J) = 8_xDY
GO TO 42
41 DX = SUMX(1J)/6. % DY B SUMY(lJ)/6.
SUMX(IJ) B 8.+«DX $ SUMY(1J) B 8.xDY
42 1F(C(ABS(SUMX(IJ))>-.04).GT.TOL.OR.(ABS(SUMY(IJ))-.04).GT.TOL)
1 1SG2 = -18G2

SX = 8Y = 0.

DO 43 M=1,8
IFCD1(M).EQ.1000..AND.D2(M).EQ.1000.) GO TO 43
IFCCABS(D1(M))>-.04).GT.3.5.0R.(ABS(D2(M)>)>-.04).GT.3.5)

1 1SG2 B -1ABS(1SG2)
D1(MY = D1(M) - DX
Dz(M) = D2(M) - DY
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SX SX + DI1(M)*xx2
SY SY + D2(M)xx2
43 CONTINUE

SX = SORT(SX/32.)
SY = SORT(SY/32.)
IFCIABS(ISG2).NE.2) GO TO 432
SX=6X*8./7. § SY=5Y=8./7.
GO TO 434
432 IF(IABS(1SG2).NE.3) GO TO 434
SX=SX*8./6. § SY=SYx38_/6.
434 PRINT 81,SUMX(IJ),SUMY(1J),DX,DY,SX,SY
SEX(1J2=8X $ SEY(I1J)=SY
IFCIN.NE.O) PUNCH 152,(TM(M,IN),M=1,4),ISTACIN) , ITNCIN), (TM(M,IN),
1 M=5,6),SUMX(IJ),SUMY(CIJ),MNUM
IFCIN.EQ.O0) PUNCH 154,NVENT,IPLT,IPLTST,IL,SUMXC(IJ),SUMY(IJ)
44 TF(ISG2.GT.0.AND.ISG2.LT.4) PRINT 956,IL,IPLTST
IFC(ISG2.LT.0) PRINT 957,1IL,IPLTST
JSGz B 9 - 1ABS(I1SG2)
IFC(IABS(ISG2).GT.1.AND.TABS(ISG2).LT.4) PRINT 961,JSG2
IF(ISG2.6GT.3) PRINT 958,IL,IPLTST
1sG2=1 $ IS5G3=0
45 IPG = 1PG+1
IPG B8 MOD(CIPG,2)
RETURN
99 PRINT 89,J
100 IFC(ISG3.EQ.1)> GO TO 101
PRINT 998
IFCISV.EQ.1) PRINT 722, (SAVE(I),I1=1,512)
PRINT 997
PRINT 722,CBUFFINCID),1=1,512)
PRINT 997
PRINT 722,C(BUFFINCI),1=513,1024)
IPG = 1
ISG3 = 1
101 1SG2 = [SGZ2 + 1
IF(J.EQ.8) GO TO 37
RETURN
79 FORMAT(//9X,2H X,20X,2H Y,17X,3H DX,7X,3H DY/3X,5H OPEN,SX,
1 6H CLOSE,6X,5H OPEN,5X,6H CLOSE/)
80 FORMAT(3(1X,F9.1,1X,F9.1,2X),A2>
81 FORMAT(//39X,4H SUM,2X,.F9.1,1X,F9.1/32X,11H BI1AS ERROR,2X,F9.1,
1 1X,F9.1/22X,21H SIGMA W/0 BIAS ERROR,2X,F9.1,1X,F9.1)
89 FORMAT(/» DRILL HOLE *I1 * CANNOT BE CHECKED BECAUSE DRILL HOLE D
1ATA APPEARS TO BE INCOMPLETE )

150 FORMAT( * NO TIME AND TEMPERATURE DATA AVAILABLE FOR SUBSET =
1 12, SET «A1)
151 FORMAT( 2X,3A10,A4,A1,1H-,11,A10,A8)

152 FORMAT(3A10,A4,A1,1H-,11,A10,A8,2(2X,F5.1),5%X,A2)

‘153 FORMAT(3A10,A4,A1,1H-,11,A10,A8,5X,1H.,6X,1H.,6X,A2)

154 FORMAT(2X,A5,3X,A4,20X,A1,1H-,11,4X,1H-,8X,1H-,4X,2(2X,F5.1))

155 FORMAT(2X,AS5,3X,A4,20X,A1,1H-,11,4X,1H-,8X,1H-,9X,1H.,6X,1H.)

200 FORMAT(1H1)

201 FORMATCIH 7771711111 1)

202 FORMAT(57H NOTE.. *+ INDICATES DRILL HOLE CLOSURE IS APPROXIMATE
10 /7

722 FORMAT (4X,8A10)

956 FORMAT(///+ SUBSET~13,5H SET A1,* MEETS TOLERANCE CHECK =)
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957 FORMAT(///+ SUBSET~I3,5H SET A1,* DOES NOT MEET TOLERANCE CHECK*)
958 FORMAT(///+ SUBSET~«I3,5H SET A1,+ COULD NOT BE CHECKED *)

961 FORMAT(/10X,* THIS DECISION IS APPROXIMATE,
1 I1,~ DRILL HOLES =)

997 FORMAT(1H )

998 FORMAT(1H /1H )
END

MADE ON THE BASIS OF

*
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1
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SUBROUTINE MONTH (TM,MNT)

DIMENSION ZO0D(12),402(13)

DATA J0Z/2H01,2H02,2H03,2H04,2H05,2H06,2H07,2H08,2H09,2H10,2H11,
2H12,2H13/

DATA Z0D/3HJAN,3HFEB,3HMAR,3HAPR,3HMAY,3HJUN,3HJUL, 3HAUG, 3HSEP,
3HOCT, 3HNOV, 3HDEC/

DATA (YES=77777700000000000000B), (XNO=000000555555555555558B)

TMM = TM.AND.YES.OR.XNO

DO 10 MN=1,12
IF(CTMM_EG.Z0D(MN))> GO TO 20
CONTINUE

MN = 13

20 MNT = JOZ(MN)

RETURN
END
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SUBRQUTINE PLTCEN (XF,YF,J2,1,XC,YC,12)
DIMENSION XF(8,d42),YF(8,J42),XC(2),YC(2),00(4,3),RN(2,3)

K =20
DO 165 J=1,5,4
K = K+1
QQ(K,1) B YF(J+2,1) - YFWJ, DD
QA(K,2) = XFWJ,I) - XFCJ+2,1)
QQ<CK,3) = XF(J,I)*xYF(J+2,1) - XF(J+2,1)+«YF(J, D)
K = K+1
00(C(K,1)> = YFC(J+3,1) - YF(J+1, 1D
Q0(¢K,2) = XF(J+1,1) - XF(J+3,1)
00CK,3) B8 XFC(J+1, 1)+ YFC(J+3,1) - XF(J+3,1)*YF(J+1,1)

165 CONTINUE
DO 166 J=1,2
DO 166 k=1,3
RN(J,K) = 0.
DO 166 L=1,4
RN(J,K) B RNCJ,K) + QQC(L,J)*QQ(CL,K)
166 CONTINUE
DET @ RN(1,1)*RN(2,2) - RN(1,2)*RN(2,1)

XCCIZ) = (RNC1,3)*RN(2,2) - RN(1,2)*RN(2,3))/DET
YCCIZ) = (RNC1,1)«RN(2,3) - RN(1,3)*RN(2,1))/DET
RETURN

END



83

84
&5

86

87

88

89

90

91

92

93

1

SUBROUTINE LSTSG (PAR,KK,INO,XNU,MIND,ROE,XMEAN, YMEAN)

101

COMMON /BAS/ X(1000),Y¢1000)>,NXY(C1000),XX(1000),YY(1000),VX(1000),

VY(1000),X0¢1000),Y0¢1000), IPLT,NVENT

COMMON /RD/ R(36),IND(22)

DIMENSION PAR(6)>,CX(7),CY(7),ER(6),FF(6,10),FSTOR(6,6)

DATA (C8=.48481368110953E-5)

T1 = INO

PAR(3) = PAR(3)x(8

PAR(6) = PAR(6)+C3

DO 83 1=1,7
CXCI)=CY(1)=0
CONTINUE

DO 84 1=1,6
ERC(1) @ 0
CONTINUE

TDELS = 100.

IFC(MIND.NE.O) PRINT 943,NVENT,IPLT

PRINT 913

Nl = 0

SINCO = SIN(PAR(6))
€0SCO0 = COS(PAR(6))

SVVX=SVVY=DELX=DELY=0

D0 87 1=1,60
FECI) = 0.
CONTINUE
1. + PAR(1)
1. + PAR(2)
U5 @ COSCO = PAR(3)
U6 = SINCO » PAR(3)
DO 96 L=1,KK

u3
us

IF(NXY(L).EQ.0) GO TO 96

u1
ue
cc
CD

u2~us

X0(L) = CC+COSCO =+
YOCL) = -CC*SINCO =+

DO 94 J=1,6
MINJ = MIND + J

XX(L) - PAR(&)
YY(L) - PAR(5)
Ul~U3 + U2+*U4~PAR(3)

CD=SINCO
co~CoSscCo

IFCIND(MINJ) .EG.0) GO TO 94

GO TO (88,89,90,91,92,93)>,.)

CX¢J) = U1+«COSCO

CY(J) = -U1=SINCO

GO TO 94

CX(J) = U2«(SINCO + US5)
CY(J) = U2*(COSCO - U6
GO TO 94

CX(J) = U2+U4+xCOSCO
CY(J) = ~-U2+U4xSINCO

GO TO 94

CxX(J) = -U3=COSCO

CY(J) = U3=*SINCO

GO TO 94

CX(J) = -Uax(US + SINCOD
CY(J) = U4x(U6 - COSCO)
GO TO 94

CX{Jdd> = YOCL)
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CY(J) @ -X0(L)
94 CONTINUE
CX(7) X(L) - X0(L)
CY(?7) Y(L) - YOC(L)
XL -CX(7)
vY(L) -CY(7)
DELX = DELX + VX(L)
DELY @ DELY =+ VvY(L)
SVVX @ SVVX + VX(L)*VX(L)>
SVVY B SVVY + VY(L)*VY(L)

DO 95 J=1,6
DO 95 k=1,7
95 FFCJ,K) B8 FF(J,K) + CXCJ)*CX(K) + CY(J)*CY(K)
96 CONTINUE
DO 97 I=1,6

IFCFFCI,I)Y.EQ.0.) FFCI,I) B 1.E+20
97 CONTINUE
CALL ERWIN (6,1,FF,15,6,10)
IFC(IS.GT.0) GO TO 9¢
PRINT 957
RETURN
99 DO 100 I=1,6
DO 100 J=1,6
FSTORCI,J> = FFCL1,J)
100 CONTINUE
DELS @ (ABS(DELX) + ABS(DELY))/T1
PRINT 832,DELS,INO
NI = NI+1
IF(DELS.LT.R(35).0R.NI.GT.10)> GO TO 106
TDELS = DELS
DO 105 I=1,6
MINI @ MIND + 1
IFCINDC(MINI).EQ.0> GO TO 105
PAR(CI) 8 PARC(CI) + FF(CI,7)
105 CONTINUE
GO TO 86
106 SVV = SVVX + SvVvY
XMEAN SAQRT (SVVX/(T1-XNUY)
YMEAN SORT (SVVY/(T1-XNU))
XYMEAN = SQGRT(SVV/(2.*T1-XNU))
ROEX @ XMEAN=x*.5
ROEY B YMEAN*.5
ROE = XYMEANx.S
DO 108 I=1,6
MINI = MIND + 1
IFCIND(MINI)>.EQ.0) GO TO 108
ER(I) @ ROE * SQRT(FF(I,I1))
108 CONTINUE
PAR(3) o PAR(3)/C38
PAR(6) @ PAR(6)/C8
PRINT 914
PRINT 915, (PAR(1),1=1,6)
PAR(3) PAR(3)>*C38
PAR(6) PAR(6)>*C38
ER(3) = ER(3>/C38
ERC(6) = ER(6)/C8
PRINT 916
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1170

1171

1172

1173

1174

1175
1176

1177
118
8¢6
832
833
913
914
915

1
2

PRINT 915, (ER(I1)>,I1=1,6)

PRINT 917

DELX @ DELX/T1

DELY B DELY/T1

IF(MIND.NE.O) GO TO 110

PRINT 826,SvV,ROE,DELX,DELY

GO TO 111

PRINT 826,SVVX,ROEX,DELX

PRINT 826,SVVY,ROEY,DELY

PRINT 826,SVV,ROE

PRINT 9138

PRINT 826, (¢(FSTOR(I,J),J=1,6),1=1,6)

IF (MIND.NE.O) GO TO 117

PRINT 919

DO 116 I=1.KK
IF(NXY(I).EQ.0> GO TO 116
PRINT 833,VvXC(I),VYCI) NXYCI)
CONTINUE

GO TO 118

DO 1170 1=1,KK
VX(I) = VX(I) » 1.E+6
VY(I) B VY(I) = 1.E+6

CONTINUE
MT =1
M2 = 57

IF(M2_GT.KK) M2 @ KK
PRINT 941 ,NVENT,IPLT
DO 1176 J=M1,M2
IFC(J+171).GT.KK) GO TO 1172
NM = J + 171
GO TO 1174
IFCCJ+114) .GT.KK) GO TO 1173
NM = J + 114
GO TO 1174
IFCCJ+57).GT.KK) GO TO 1175
NM = J + 57
PRINT 940, (NXY(K),VX(K),VY(K),K=J,NM,57)
GO TO 1176
PRINT 940,NXY(J),VX(J), VYLD
CONTINUE
M1 = M1 + 228
M2 @ M2 + 228
IF(M1.LE.KK)> GO TO 1171
DO 1177 I1=1,KK
VX(I) B vXCE)Y » 1.,
VYD) = vY(l) = 1
CONTINUE
RETURN

FORMAT(2X,E14.7,1X,E14.7,1X,E14.7 ,1X,E14.7,1X,E14.7,1X,E14.7)

FORMAT(4X,E14.7,6X,14)
FORMATC(1X,2C1X,E14.7),34X,16)

FORMAT(/33H LEVEL OF RESIDUALS NO. OF PTS.)

FORMAT(/15H OUTPUT VALUES)

FORMAT(5X,9H SCALE LX,6X,9H SCALE LY,SX,11H ALPHA(SEC)>/1X,3(1X,
E14.7>//5X,9H TRANS LX,6X,9H TRANS LY,3X,16H ROTATION K(SEC)/

1IX,3C1X,E14.7))

916 FORMAT(/24H MEAN ERROR OF UNKNOWNS)
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917 FORMAT(//15H SQ OF DIFFS,4X,11H MEAN ERROR, 4X,8H SUM D/N)

918 FORMAT (//29H INVERSE OF NORMAL EQUATIONS)

919 FORMAT(/SX,8H DIFF LX,7X,8H DIFF LY,35X,11H COMM PT NO)

940 FORMAT(4(1X,16,1X,F7.3,1X,F7.3,4X))

941 FORMAT(1H1,9X,12H STAR POINTS,15X,37H DIFFERENCES AFTER MATCHING ¢
TMICRONS) ,20X,7H EVENT AS5,9H PLATE A4//4(22H PT NO oLX oL
2Y,5X))

943 FORMAT(1H1/58X,7H EVENT A5,9H PLATE A4)

957 FORMAT(36H NO SOLUTION OBTAINABLE FROM INVERSE)

END



SUBROUTINE TRANSF (PAR.,X,Y)
DIMENSION PAR(6)

SINCO = SIN(PAR(6))

COSCO = COS(PAR(6))

Ul = X - PAR(&)

Uz = Y - PAR(5)

Us = 1. + PAR(1)

Use = 1. + PAR(2)

CC @ U1+*U3 + UZ2*U4xPAR(3)
CO = U2rxU4

X = CC+xCOSCO + CD=*SINCO
Y = -CC+*SINCO + CNh«COSCO
RETURN

END

105
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SUBROUTINE STRNUM (NPT,NOPT,ITYP,ID,XT,YT)

COMMON /ST/ B(13),A(9),LL,RT(25),X12(25),Y12¢(25),LRT,NPT2,LPTZ,
1 NIC9),11¢(9),IE,MCT(2),CO0SLAT,SINLAT

COMMON /SBUFF/LEN(2),IFIRST(2),NETX(2),IXBUF(2),BUFT(1024,2),
1 MODE(2)

DIMENSION N(25),1PL(2)

DATA (C5=.7272205216643E-4),(L8=.48481368110953E-5),
1 (C9:=6.2831853071796),(C10=3.1415926535898),(ITP2=2)
DATA (IPL=1HB,1HA), (IBL=1H )

IFCITYP.NE.2) GO TO 50

IF(NOPT.NE.O) GO TO 47

46 NOPT = NPT
1D o ITYP
47 IF(NOPT.NE.NPT) GO TO 50

X = XT - B(4&)

Y @ YT - B(5)

IFC(IE.EQ.1) X B -XT - B(4)

IFCIE_EQ.1) ¥ = -YT - B(5)

Q@ = X*A(3)+YxA(6)+B(6)*A(9)

PSI = (XxA(1)+YxA(4)+B(6)*A(7))/Q

ADA B (X*A(2)+Y*A(5)+B(6)*A(8))/Q

CALL ANGLE(ADA,PSI,ANORTH>

ASOUTH @ ANORTH + C10

IF(ASOUTH.GE.C9) ASOUTH @ ASOUTH - C9

TZR = SQRT(PSI+«PSI+ADA*ADA)

ZR = ATAN (TZR)

22 m SIN (ASOUTH)

Z3 = COS (ASOUTH)

Z4 = SIN (ZR)

Z5 m COS (ZR)

26 = SINLAT = Z5 - COSLAT=*Z23:xZ4

27 = SQRT (1.-26x26)
CALL ANGLE (Z26,27.DED)
XX B COSLAT * 25 + SINLAT = Z3 xZ24
YY = 22 * 24
CALL ANGLE (YY,XX,TANGLE)
SDEC=SIN (DEC)
CDEC=C0S (BED)
SINT=SIN (TANGLE)
COST=COS (TANGLE)
DEC = DEC-.320+C8~COSLAT+*SINT+*SDEC
TANGLE = TANGLE+(.0213«C5*COSLAT*COST)>/CDEC
LL = LL+1
RT(LL) = -TANGLE
X12(LL) = XT
Y12(LL) B YT
IFCABS(RT(1)-RT(LL))>.GE.5.) LRT=1
NPT2 o NPT
LPTZ2 = MOD(NPTZ,10)
RETURN
50 NN = NICLPT2)
IFCLL.EQ.NN) GO TO 49
PRINT 959,NPT2,IPLCIE),LL,NN
DO 48 I=1,LL
CALL SBUF(5,2)
NCT = IXBUF(2)
BUFT(NCT,2)=X12C(LLYUFT(NCT+1,2)=Y12(LLUFTC(NCT+2,2)=1TP2



48

49

490

491

492

52

53
535

54

55

553

BUFT(NCT+3,2)=0 $ BUFT(NCT+4,2)=1BL
MCTCIEY = MCTC(IEY + 1
CONTINUE
GO TO 56
IF(NN.EG.1) GO TO 535
D0 490 LR=1,LL
NC(LR) = LR
CONTINUE
[FC(LRT.EQ.0) GO TO 492
00 491 LR=1,LL
IF(RTC(LR).LT.-2.) GO TO 491
RT(LR) = RT(LR) - (9
CONTINUE
LRT = 0
NM = NN -1
DO 53 I=1,NM
MM B NN-1I
DO 53 K=1,MM
IF(RT(K)-RT(K+1))52,53%,53
TEMP = RT(K)
RT(K) 8@ RT(K+1)
RT(K+1) B TEMP
TEMP = X12(K)
X12¢(K) = X12(K+1)
X12¢(k+1> @ TEMP
TEMP B Y12(K)
Y12¢(K) = Y12¢(K+1)
Y12(K+1) = TEMP
TEMP B N(K)
N(K) = N(K+1)
N(K+1) B TEMP
CONTINUE
JI1I = T1CLPT2)
IFCNN.EG.1) NM = 0
JNI = JIl + NM
LtL = 0
DO 55 I1=JI1,JNlI
MPT = NPT2+100 + |
LL B LL+1
RT(LL) = MPT
CONTINUE
IF(NN.EQ.1) GO TO 556
DO 555 I=1,NM
MM B NN-I
DO 555 K=1,MM
IFCN(K)-NC(K+1)) 555,555,553
TEMP=N(K)
NC(K) = N(K+1?
N(K+1) = TEMP
TEMP=X12(K)
X12(K) B X12(K+1)
X12(K+1) @ TEMP
TEMP = Y12(K)
Y12(K) B Y12¢(K+1)
Y12(K+1) = TEMP
TEMP B RT(K)
RTC(K) = RT(K+1)
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RT(k+1) o TEMP
555 CONTINUE
556 DO 557 LL=1,NN
CALL SBUF(5,2)
NCT = IXBUF(2)
BUFT(NCT,2)=X12(LLUFT(NCT+1,2)=Y12C(LLYFT(NCT+2,2)=1TP2
BUFT(NCT+3,2)=RT(LL) $ BUFT(NCT+4,2)=IBL
MCTCIE) = MCTC(IE) + 1
557 CONTINUE
56 LL = 0
IFCITYP.EQ.2) GO TO 46
NOPT = 0
1D = ITYP
RETURN
959 FORMAT(/38H INCORRECT NUMBER OF POINTS FOR STAR [4,7H SET - A1,
1 1H-,8X,12,2H /,12)
END
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SUBROUTINE SATNUM (X,Y,NOPT,INOPT,IE)
COMMON /AR/ XPS(12),YPS(12),PTN(C12),DC12),N,XPSS(12,2),YPSS(12,2)
DIMENSION AC12),G(12),H(12),XX(12),YY(12)
DO 20 I=1,N
XX(I) = XPSS(I,I1ED
YYC(I) = YPSS(I,IE)
20 CONTINUE '
1 DEE = SART((X-XX(1))**x2 + (Y-YY(1))*xx2)
IF(DEE>3,2.,3
2 NOPT = PTNC(T)
INOPT = NOPT»100
RETURN
3 SUM = 0.
DS = 1.
DO 50 I=1,N
ACI) = DEE - DC(D)
IFCAC]I)D)5,4.,5
4 NOPT = PTNCI)
INOPT = NOPT=100
RETURN
5 DS = DS*ACD)
50 CONTINUE

DO 6 I=1,N
GCIY = 1.
6 CONTINUE
I =0
7 1 = 1+1
IFC(I-N>8,8,13
8 J =0
9 J = J+1

IFCJ-NY10,10,12

10 IFC(J-1211,9,11

11 GC(I) = GCI)«(DCIX-DCJ)
GO TO 9

12 H(D) = PTNCD)/CACTI*GC(ID)
SUM @ SUM + H(D)
GO To 7

13 NOPT = DS*SUM + 0.5
INOPT = DS+SUM*100.
QRETURN
END

$07-808 O -73 - 8
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38

SUBROUTINE CURVFT (LC,IHIST,IVP,IORDER,ROES,ERRXY,RSVXR,RS5VYR)
COMMON /BAS/ X(1000),YC(1000),IPNC1000),RX(1000),RY(1000),RXR(1000)
1 ,RYRC1000),X0¢1000),Y0¢1000), IPLATE,IEVENT

COMMON /CDBUF/ LENGT,NEXT,JFIRST, INBUF,BUFFIN(1024),ENDF, JSAP
1,171,170

DIMENSION V(10),C¢8,8), 10RDER(3),D(64),A(8,10),B¢(8,12)
DIMENSION PNXY(8,12),TITLE(9)

EQUIVALENCE (B,PNXY)

DATA (TITLE=1H ,1H ,10H HISTO, 10HGRAM OF RE,10HSIDUALS AF,
1 10HTER PRELIM,T10HINARY CURV,10HE FIT (SAT,10HELLITE) )

IT 2 1

IDUM = 0

CENTER POINT DETERMINATION

ICEN = C(IPN(LC) + IPNC1))/2

ROTATION

TAU = ATANCCY (1) - YCLO))/Z(X(1)Y - XC(LOY))

A SOLUTION IN AN UNROTATED SYSTEM MAY BE COMPUTED BY SETTING

TAU = 0. AT THIS POINT OF THE PROGRAM
AGL = TAUxS57.295779513082
IAGL = AGL
AAGL = JAGL
AMIN B (AGL - AAGL)*60.
IAMIN = AMIN
AAMIN = TAMIN
ASEC = (AMIN - AAMIN)»60.

IF(ASEC .LT. 0.) ASEC
IFC(ASEC .GT. 0.) ASEC
SINTAU = SIN(TAW)
COSTAU = COS(TAW
00 3¢ I=1, LC
RX(I) B XCI)«COSTAU + Y(I)*SINTAU
RYCI) = Y(I>+COSTAU - X(I1)+*SINTAU
CONTINUE

ASEC - .0005
ASEC + .0005

FORMATION OF NORMALS

NUM = MAXOCIORDER(1), IORDER(Z2), I0RDER(3))
N = NUM + 1
NU1T = N + 1
NU2 = + 2
DO 36 1. N
l ’
)

. -

«  nn

DO 36
ACT,

CONTINUE

Vi) = 1.

DO 39 I=1, LC
P = IPNCI) - ICEN
DO 38 J=1, NUM

V(J+1) = PxxJ

VINU1) = RX(I)
V(NU2) B RY(D)
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39

40

41

37

42

43
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DO 39 J=1, N
DO 39 K=J, NUZ
ACJ,K) = ACJ,K) + V() »V(K)
CONTINUE
DO 40 J=1, N
DO 40 K=J, N
A(K,J) = AWJ,K)
CONTINUE

COMPUTATION OF INDIVIDUAL SOLUTIONS

IRESCK = 0
Do 72 1=1, 3
IFCIORDERCID) 41, 72, 41
IN = IORDER(I)
NU = IN + 1
DO 37 J=1, 8
BC(J,NU+1)=B(J,NU+2)=0
CONTINUE

FORMATION OF PARTICULAR NORMAL SYSTEM AND SOLUTION

DO 43 J=1, NU
DO &3 k=J, NU
B(J,K) B A(J,K)
CONTINUE
DO 44 J=1, NU
B(J,NU+1) = ACJ,NUD
B(J,NU+2) = ACJ.NU2)

CONTINUE
CALL ERWIN (NU,2,B,I1S,8,12)
IFCIS .GT. 0) GO TO 45
PRINT 3, IPLATE, IEVENT, NUM, ICEN
PRINT 5
RETURN

STATISTICS COMPUTATIONS

FREE = LC-NU
SVX=8VY=SVXR=SVYR=0
DO 49 J=1, LC
P o IPNCJ) - ]CEN
DO &7 k=1, IN
V(K+1) B P=»K

CONTINUE
XOUTR = B(1,NU+1)
YOUTR = B(1,NU+2)
DO 48 k=2, NU
XOUTR = XOUTR + V(K)*B(K,NU+1)
YOUTR B YOUTR + V(K)*B(K,NU+2)
CONTINUE
RXR(J) = XOUTR - RX(J)
RYR(J) @ YOUTR - RY(J)
SVXR @ SVXR + RXR(J)*RXR(J)
SVYR = SVYR + RYR(J)*RYR(J)
CONTINUE

RSVXR @ SQRT(SVXR/FREE)



112

RSVYR = SGRT(SVYR/FREE)
RSVXYR B SQRT((SVXR+SVYR)/(2.*FREE))

C PRINTED QUTPUT

PRINT 6
PRINT 3, IPLATE, IEVENT, IORDER(I), ICEN
PRINT 7, IAGL, IAMIN, ASEC, SINTAU, COSTAU
PRINT 8
K = -1
DO 50 J=1, NU
K @ K+1
PRINT 9, kK, BC(J,NU+1), B(J,NU+2)
50 CONTINUE
PRINT 10

621

=]
o
INT 2001
(J.LE.NUY GO TO 622
IFCJ.LE.NU) GO TO 624
J = J-1
IF(J.EQ.NU) GO TO 626
J = J-1
[FCJ.GT.NU> GO TO 628
PRINT 17, (L,NU,PNXYCL,NU),L=1,NU)
GO TO 628
622 DO 623 L=1,K
623 PRINT 22, (L.M,PNXYC(L,M), M=K, J)
L=k+1
PRINT 23, (L,M,PNXY(L,M),M=L,Jd)
L=k+2
PRINT 24, (L,M,PNXY(L,M),M=L,J)
PRINT 23, J,J,PNXY(J,d)
GO TO 621
624 DO 625 L=1,K
625 PRINT 18, (L,M,PNXY(L,M),M=K,J)
L=K+1
PRINT 19, (L,M,PNXY(L,M),M=L,J)
PRINT 20, J,J,PNXY(J,J)
GO TO 621
626 DO 627 L=1.,K
627 PRINT 21, (L,M,PNXY(L,M),M=K,J)
PRINT 26, J,Jd,PNXYWJ, )
628 PRINT 12, RSVXR, RSVYR, LC, SVXR, SVYR
SV1=ROES*#*2 $ SVZ2=ERRXY**2 $ SV3I=RSVXYR=*#2
SV4 = SV1 - Sv2 + SV3
PRINT 27,5V1,8VZ2,SV3,SVvé
PWT = 6.25E-12/S8Vé
PRINT 28,PWT
00 51 J=1,LC
RXR(J) = RXR(J) » 1.E+6
RYR(J)Y = RYR(GJ) » 1.E+6
51 CONTINUE
M 1
M 57

1
2



511

512

513

515
52

53

54

55

56

57

59

60

61

IF(M2.GT.LC) M2 = LC
PRINT 13,1EVENT,IPLATE

DO 52 J=M1,M2
IF(CJ+171).GT.LC) GO TO 512

J + 171

GO TO 514
IFCCJ+114).GT.LCY GO TO 513

+ 114

GO TO 514

TF(CJ+57).GT.LCY GO TO 515

J + 57

NM =

NM =

NM =

PRINT 940, (IPN(K),RXRC(K),RYR(K),K=J,NM,57)>

J

GO TO 52
PRINT 940, 1PNCJ),RXRCJ)I,RYRCJ)
CONTINUE
+ 228
M2 @ M2 + 228
IF(M1.LE.LC) GO TO 511
RESIDUAL CHECK

Mt = M1

IFCIRESCK
DO 56 J=1,

IF(ABS(RXR(J)>)>.LT.20..AND.ABS(RYR(J?>).LT.20.)> GO TO 56

.EQ. 1) GO TO 63
LC

IFCIRESCK .EG. 1) GO TO 53
PRINT 15

IRESCK B 1

PRINT 16, IPNCJ)

= IPNCJY - ICEN

DO 54 K=1, NUM

V(K+1) B Px=*K

p

CONTINU

E

VINUT1)
VINU2)
DO 55 K
D0 55 M=k, NU2

ACK,M) = A(K,M) - VKY*V(M)

RX(CJ)D
RY(J)
1. N

CONTINUE
IPNCJ) B 0
CONTINUE
IFCIRESCK .LT. 1) GO TO 62
DO 57 J=1, N
D0 57 kK=J, N
AC(K,J) 8 ACJ,K)
CONTINUE
Jd =1
IFCIPNCJ) .GT. 0) GO TO 61
LC = LC-1
DO 60 kK=J, LC
X(K) B X(K+1)
Y(K)Y = Y(K+1)
RX(K)Y = RX(K+1)
RY(K) = RY(K+1)
IPNCK) = IPN(K+1)
CONTINUE
IF (J .GT7. LC) GC TO 42
GO TO 59
1FCJ .GE. LC) GO TO 42

113



J = J+1
GO TO 59
62 IRESCK = 1
63 DO 635 k=1,LC
RXR(K)> RXR(K)*1.E-6
RYR(K) RYR(K)*1 .E-6
635 CONTINUE
IFCIVP.EQG.0> GO TO 66
DO 65 k=1,LC
CALL OBUF (1)
ENCODE(80,2,BUFFINCINBUF)) X(K),Y(K),RXR(K),RYR(K),IPNC(K), IPLATE
65 CONTINUE
INF = INBUF + 6
ENCODE (20,29,BUFFINCINF)) IPNCLC),IPLATE,IT
66 CALL HISTO (RSVXR,RSVYR,LC,LC,IHIST,TITLED
CALL FRONCY (RSVXR,RSVYR,LO)
PRINT 996
72 CONTINUE
RETURN
2 FORMAT (4(1X,E14.7),1X,16,1X,A%4)
3 FORMAT(39H ADJUSTMENT OF CURVE TO SATELLITE PATH/14H PLATE NUMBE
1R, 1X,AS5,8H EVENT AS/I13, 30H-TH ORDER POLYNOMIAL CENTER = [&//)
S FORMAT (48H THE NORMAL MATRIX FOR THIS PROBLEM IS SINGULAR.)
6 FORMAT (1H1 )
7 FORMAT(20H ROTATION CONSTANTS//7H TAU B 14, 8H DEGREES 14,
18H MINUTES F8.3, 8H SECONDS /13H SIN(TAUY = F10.8,
212K COSC(TAU)Y = F10.8//)
8 FORMAT(27H SOLUTION OF NORMAL SYSTEM//57H DEGREE OF TERM COEFF
11CIENTS FOR X COEFFICIENTS FOR Y /)
9 FORMAT (8(I15, 5X, E14.7, 6X, E14.7))
10 FORMAT (/// 24X, 26H INVERSE OF NORMAL MATRIX )
12 FORMAT(///33X,15H MEAN ERROR RX 9%X,15H MEAN ERROR RY /33X,E14.7,
110X, E14.7// 40X, 26H SUM OF RESIDUALS SQUARED /
218H NUMBER OF POINTS 18X, 8H FOR RX 17X, 8H FOR RY / 7%, I&4, 22X,
3E14.7, 10X, E14.7)
13 FORMATC(1H1,5X,17H SATELLITE POINTS,14X,36H RESIDUALS AFTER CURVE F
11T (MICRONS),21X,7H EVENT AS5,9H PLATE AS/74(21H PT NO VX
2 VY,6Xd)
15 FORMAT(//67H PROBLEM MUST BE RECOMPUTED SINCE THE FOLLOWING POINT
1S DO NOT HAVE/33H RESIDUALS LESS THAN 20 MICRONS.)
16 FORMAT (33X, 14&)
17 FORMAT(15X, 2H (,11,1H,11,2H) ,e14.7)
18 FORMAT(13X,3(2X,2H (,I1,1H,11,2H) ,E14.7))
19 FORMAT(36X,2(2X,2H (,11,1H,11,2H> ,E14.7))
20 FORMAT(61X, 2H (,11,1H,11,2H) ,E14.7)
21 FORMAT(13X,2¢(2X,2H (,11,11,,11,2H) ,E14.7)
22 FORMAT(13X,4(2X,2H ¢(,I11,1H,11,2H) ,E14.7))
23 FORMAT(36X,3(2X,2H ¢(,11,1H,11,2H) ,E14.7))
(
(
(

24 FORMAT(59X,2(2X,2H (,I1,1H,I11,2H) ,E14.7))

25 FORMAT (84X, 2H (,11,1H,11,2H) ,E14.7)

26 FORMAT(38X, 2H (,11,1H,11,2H) ,E14.7)

27 FORMATC(////+ SIGMA SQUARED=+,6X,10H STAR MEAS,8X,9H SAT MEAS,
1 7X,13H SAT CURVEFIT,15X,6H PLATE/15X,3(4X,E14.7),10X,E14.7)

28 FORMAT(//21H §S.L.0. PLATE WEIGHT,5X.E14.7)

29 FORMAT (1X,16,1X,A4,7X,11)

940 FORMAT(4(C1X,16,1X,F7.3,1X,F7.3,4X))

996 FORMAT(3HTQQ)



2001 FORMAT(1H )
END
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145

170

180
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188
190

210

250

270

290

310
320

335

SUBROUTINE HISTO (ERROR1,ERRORZ,M,INO,IHIST,TITLE)

COMMON /BAS/ DUM1¢2000>,IPNC1000),DUM2(¢(2000),AC1000),B¢1000),
1 AHOLD(1000),BHOLD(1000),IPLATE, IEVENT

DIMENSICN TITLE(9),LABEL(2),GAUX(151),GAUY(151),FBLK1(32),FBLK2(32
1),STORE(32),0X(64),0YC65),YMAX(2)

DATA (LABEL(1)=10H X VALUES ),(LABEL(2)=10H Y VALUES ), (JUMPER=0),
1 (ZERO=0.),(SCALE=10.)

PRINT 996

I# (JUMPER)>140,35,140

XVAL = -3.25

DO 40 1=1,151

GAUXC(I) B XVAL

GAUY(I) = 3.98942280 * EXP(-XVAL=*XVAL/2.0)

XVAL B XVAL + 3.25/75.

CONTINUE
DO 145 1 = 1,M
AHOLD(I) = ACD)
BHOLD(I> = B(I)
CONTINUE
DO 180 I = 1,M

ACl) o ACI)/ERROR1
B(1) = B(I)/ERRORZ
CONTINUE

IF C(IHIST) 188,187,188
N =2

GO TO 190

N = IHIST

JBLKS @ 6N + 1

JINTL = JBLKS

BLK @ JBLKS

THON = 2+*N

BND = BLK/TWON
BNDTL = BND

DO 210 I = 1,JBLKS
FBLK1CI) = 0.0
FBLK2C(I) = 0.0
CRAMT = 6.5/BLK

DO 335 I = 1,M

IFCIPNCI).EG.O0) GO TO 335

IF (ACI).GE.ZERO)GO TO 250

I1F CCACI>+BNDTL).GT.ZERO)>GO TO 270
ACl) = -BNDTL

GO TO 270

IF (ACI).LT.BNDTL)>GO TO 270

ACl) = BNDTL

IF (BND.LT.ACI)>GO TO 310

IF (BND.EQ.ACI))GO TO 290

BND = BND - CRAMT

JBLKS = JBLKS - 1

GO TO 270

IF (ACI).LT.ZERO)GO TO 310
FBLK1C(JBLKS) = FBLK1(JBLKS) + 1.0
GO TO 320

FBLK1(JBLKS+1) = FBLK1(JBLKS+1) + 1.0
BND = BNDTL

JBLKS = JINTL

CONTINUE



370
380
390

410

430
440

455

480

1155

1200

1220

DO 455 I = 1,M
IFCIPNCI).EGQG.O0) GO TO 455
IF (B(I).GE.ZERO)GO TO 370
IF ((B(1)+BNDTL).GT.ZERO)>GO TO 390
B(I)> = -BNDTL

GO TO 390

IF (BCI).LT.BNDTL)GO TO 390
B(I)> = BNDTL

IF (BND.LT.B(I))GO TO 430
IF (BND.EG.B(I))GO TO 410
BND = BND - CRAMT

JBLKS = JBLKS - 1

GO TO 390

IF (BCI).LT.ZERO)GO TO 430

FBLKZ2(JBLKS) = FBLKZ(JBLKS) + 1.0

GO TO 440

FBLK2(JBLKS+1) @ FBLK2(JBLKS+1) + 1.0
BND = BNDTL

JBLKS = JINTL

CONTINUE

SM = 1.0/M

SN = N

DO 480 I = 1T,JINTL

FBLK1(I) = SCALE o SN x FBLK1(I) e SM
FBLKZ2(I)> = SCALE =~ SN » FBLKZ2(I) = SM

JPLUS = JINTL + 1

FBLK1(JPLUS) = 0.0

FBLKZ2CJPLUS) = 0.0

DO 1155 I=1,32
STORE(I) = FBLK1(I)>
CONTINUE

DUM = 0.

JCT = 2xJPLUS

XMIN = -3.50 § VYMIN = 0.
XMAX = 3.50

XTCK = .01 § YTCK @ .01
DX = .5 $ DYy = 1.

XLAB = 4.1

YLAB = 2.0

JSIG =0

XGRD @ 3.5

DO 1230 I=1,2
YMAX(I) = 4.
DO 1200 L=1,JPLUS
[FCYMAX(I).LT.STORE(L)Y) YMAX(I) = STORE(L)
CONTINUE
YMAXCI) = YMAX(I) + .25
XVAL = -3.25
0Y(1) = 0.
DO 1220 L=1,JPLUS
CK = L-1
OX(2+«L~-1) = XVAL + CK+«CRAMT
OX(2+xL) = OX(2*L-1)
0Y(2+«L)> = STORE(L)
0Y(2xL+1) = 0Y(2xL)
CONTINUE
ISIG = 0



118

PRINT 15,1S1G,JSIG,XMIN,YMIN,XMAX, YMAX (1) ,XGRD, YMAX(I) ,XTCK,YTCK,

1 DX,DY,XLAB,YLAB,JCT

PRINT 18,
PRINT 16,
PRINT 16,

TITLE,LABEL(CI)
(OX ¢4y ,d=1,JdCTH
(0Y(J),d=1,JCT

PRINT 17
ISIG = 1
KG @ 151 .
PRINT 15,1SI1G,JSI1G,DUM,DUM,DUM,DUM,DUM,DUM,DUM,DUM,DUM, DUM, DUM,
1 DUM,KG
PRINT 16,
PRINT 16,
PRINT 17
DO 1225 kK=1,32
STORE(K) = FBLK2(K?
CONTINUE
CONTINUE
DO 1238 I = 1,M
ACI) = AHOLD(I)
B(I> = BHOLD(I)
JUMPER = 1
1280 RETURN
C FORMAT SPECIFICATIONS
15 FORMAT(1HT,211,12E10.3,14)
16 FORMAT(1HT,12E11.4)
17 FORMAT(xTT«x)
18 FORMAT(1HT,10A10)
996 FORMAT(3HTQQ)
END

¢ GAUX(J),Jd=1,151)
¢ GAUY(J),d=1,151)

1225
1230
1235

1238
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SUBROUTINE GRID (IR,JR,MR,IU)

THIS VERSION OF GRID IS FOR PRODUCTION PLATES.

DIMENSION IX(4), TITLE(20,4)

DIMENSION IP(100,4),AL(10,70),NUC10,10),0T(10,10>,00¢10),0PC10)

COMMON /BAS/ DUM(9000),IPLT,NVENT
COMMON /GRIDP/ 1P

DATA (DOT=1H.), (DOTS=7H....... ), (DOTI=7H
(ION=1HI), (BLKI=7H [, (BLKD=7H
(BLK=1H >, (BLKS=7H )

DATA (IRD=1)

IX(1)=IR § IX(2)=JR § IX(3)=MR
IFCIRD.EG.0) GO TO 10

READ 1, CC(NUCI,Jd),J=1,10),1=1,10)
READ 2, ((ALCI,d),d=1,101,1=1,10)

U =0

DO 50 I=1,10
IFCI.GT.1.AND.I.LT.10) GO TO 11
J1=4 $ J2=7

GO TO 15

IFCI.GT.2.AND.1.LT.9) GO TO 12
J1=3 § J2:=8

GO TO 15

IFCI.GT.3.AND.I.LT.8) GO TO 13
J1=2 § J2=9

GO TO 15

J1=1 § J2=10

DO 40 J=J1,J2

D0 30 k=1,3

L1 = IX(K)

IF(L1.EG.0) GO TO 30

D0 25 L=1,L1
IFCIPC(L,K).EQ.NUCI,J)) GO TO 40
CONTINUE

CONTINUE

IU = TU+1

IPCIU,4) = NUCI,Jd)

CONTINUE

CONTINUE

IX(4) = 1U

DO 500 K=1,4

IFCIRD.EG.0) GO TO 60

READ 3,(TITLECL1,K),L1=1,.0)

PRINT 4, NVENT,IPLT,(TITLECLT,K),L1=1,20)

DO 100 I=1,10

DO 70 J=1,10

OTdl,J) = ALCL, I

CONTINUE

IFCI.GT.1.AND.I.LT.10) GO TO 71
J1=¢ § J2=7

119
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71

72

73

75

80

82
90
100

105

120

GO TO 75

IF(I.GT.2.AND.I.LT.9) GO TO 72

J1=3 § J2-=38

GO TO

IF(1.GT.3.AND.1.LT.8) GO TO 73

75

J1=2 $ J2=9
GO TO 75

J1=1 § J2=10
b0 90 J=J1,4J2

L2 =
IFC(LZ2
DO 80

IX(K)>
.EQ.0) GO TO 82
L=1,L2

IFCIPCL,K).EQ.NUCT,J)) GO TO 90
CONTINUE
0TCI,J) = BLKI
CONTINUE
CONTINUE

DO 105 I=1,10

00CH)

g BLKS

IFCILEQ.3) 00CI) = BLKD
IFCI.GT.3.AND.I.LT.8) 00CI)
CONTINUE

PRINT

5,BLK,(00CJ),J=1,10)

DO 110 I=1,10

oPCI)

= BLKS

IFCI.GT.2.AND.1.LT.8) OPCI)
CONTINUE
DO 120 1=3,7

00c¢I>
00¢2)
PRINT
PRINT
PRINT
PRINT
PRINT

oP(2)

2 DOTI

=BLKD $ 00(8)>=p0OTS

5,BLK,(0PCd),Jd=1,10)
5,BLK,(0P(J),J=1,10)
5,BLK,C0TC1,4),J=1,10)
5,BLK,(0P(J),J=1,10)
5,BLK, (00¢J),d=1,100

=0P(8)=BLKI

00¢(1)>=BLKD $ 00(2>=00¢(8)=DOT]I

PRINT
PRINT
PRINT
PRINT
PRINT

oP(C1)

PRINT
PRINT
PRINT
PRINT
PRINT

5,BLK,(0PCJ),Jd=1,10)
5,BLK,(0P(J),J=1,10)
5,BLK,(0T(2,4),Jd=1,10)
5S,BLK,(0OP(J),Jd=1,10)
5,BLK,<00¢J),J=1,10)

=0P(9)=BLKI
00¢(1)>=00¢(9)=DOTI $ 00(10)>=DOTS

5,BLK,(0PCJ),Jd=1,10)
5,BLK,(OPCJ),d=1,10)
5,BLK,(0T¢3,4),4=1,100
5,BLK,(OPCd),J=1,10)
5,00T7,(00¢J),J=1,10)

OPC10)=BLKI $ 00¢10>=DOTI
DO 200 I1=4,7

PRINT

5,10N,(OPCJ),J=1,10)

DOTS

BLKI

$ 00(9)>=DOTS
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PRINT 5,I0N,COPCJ),J=1,10)

PRINT 5,10N,¢OT(I,J),J=1,10)

PRINT 5,I0N,(0PCJ),Jd=1,10)

PRINT 5,I0N,(00CJ),d=1,10)
200 CONTINUE

0P(10=00¢10)>=BLKS $ 00C1)>=BLKI
PRINT 5,BLK,(OP(J),J=1,10D
PRINT 5,BLK,(0PCJ),d=1,10)
PRINT 5,BLK,(0T(8,J),J=1,10)
PRINT 5,BLK,(0OP(J>,J=1,10)
PRINT 5,BLK, (00¢(J),d=1,10)

OP(1)=00(¢1)=0P(9>=00¢(9)=BLKS § 00(2)=BLKI
PRINT 5,BLK,(0PCJ),d=1,10)

PRINT 5,BLK,(0PCJ),d=1,10)

PRINT 5,BLK,(0T(9,J),J=1,10)

PRINT 5,BLK,(0OPCJ),Jd=1,10)

PRINT 5,BLK,(00(CJ),d=1,10D

0P(2>=00(2>=0P(38)-00¢(8>=BLKS $ 00¢(3)=BLKI
PRINT 5,BLK,(OPCJ),d=1,10)
PRINT 5,BLK,(0PC(J),Jd=1,10D
PRINT 5,BLK,(0T(¢10,4),J=1,10)
PRINT 5,BLK,C(OPCJ),d=1,10)
PRINT 5,BLK,(00¢J),d=1,10)
500 CONTINUE
IRD = 0
RETURN

1 FORMAT(10(2X,12,3X))

2 FORMAT(10A7)

3 FORMAT(10A8)

4 FORMAT(3HTPG,88X,7H EVENT A5,9H PLATE AS/2Tx/=xTx ,27X,10A8/xTx/
T #T*, 27X, 10A8/«Tx/*xT*/eTr/xT2)

5 FORMAT(«Tx,31X,A1,10A7)
END
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SUBROUTINE DBUF (NORECS)

C
COMMON /CDBUF/ LENGT ,NEXT,IFIRST,IXBUF,BUFF(102¢4),ENDFLQ,KS
1 L,ITL,ITO
COMMON /SV/ SAVE(512),18V
DATA (ICOUNT=0)
DATA (IEF=10000000000000B),(IPR=20000000000000008)
c

IF (NORECS) 70,10.70
10 CALL LTRIO (ITI,111B,BUFF(IFIRST),BUFFC(IFIRST+511),KS)
IF (KS .LT. 0> GO TO 76
IF ((KS.AND.IPR) .NE. 0) PRINT 100
IF ((KS.AND.IEF) .NE. 0> GO TO 60
IFIRST = MODCIFIRST+512,1024)
ICOUNT = 0
RETURN
60 ICOUNT ICOUNT+1
IF CICOUNT .LT. 2> GO TO 10
PRINT 64
END FILE 5
END FILE 5
CALL LTRIO (1TO,1158,A,B,J8)
STOP
70 IF(MOD(LENGT,512)) 79,74,79
74 DO 75 I1=1,512
IFF = IFIRST+1-1
SAVE(I) B BUFFC(IFF)
75 CONTINUE
ISV = 1
CALL LTRIO C(ITI,1118,BUFFC(IFIRST),BUFF(IFIRST+511),KS)
IFIRST = MOD(IFIRST+512,1024)

79 LENGT = MOD(LENGT+8+NORECS,1024)
IXBUF = NEXT
NEXT = LENGT +1
RETURN
76 PRINT 77,KS
STOP

100 FORMAT(/ = TROUBLE IN INPUT TAPE = /)

64 FORMAT (r1 JOB TERMINATED-- END OF DATAx)

77 FORMAY (+1 J0OB ABORTED-- STATUS WORD * ,020)
END
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SUBROUTINE MICARD (NPLT,NVNT,NSTA,PLT,VNT,STA,ISIG,JSI1G)

IFCISIG.EQ.1) GO TO 50

NAM1 8 NPLT.AND.770000000000000000008B
NAMZ2 = NPLT.AND.7700000000000000008B
CALL SHIFTO(NAMZ,MAN2Z,6)

NAM3 = NPLT.AND.77770000000000008B
CALL SHIFTQ(NAM3,6MAN3,12)

CALL SHIFTQ(NAMZ2,MNA,12)
IF(MNA.LE.32B) GO TO 10

PUNCH 1,NVNT,NAM1,MANZ,MAN3,NSTA

IFCJSIG.EG.1) PRINT 1,NVNT,NAM1,MANZ,MAN3,NSTA
IF(JSIG.EQ.2) PRINT 3,NVNT,NAM1,MANZ,MANS,NSTA

GO TO 100
PUNCH 2,NVNT,NAM1,MANZ2,MAN3,NSTA

IF(JSIG.EQ.1) PRINT 2,NVNT,NAM1,MANZ,MAN3,NSTA
IF(JSIG.EQ.2) PRINT &,NVNT,NAM1,MANZ,MAN3,NSTA

GO 70 100

ABC1 = PLT.AND.770000000000000000008B
ABC2 = PLT.AND.7700000000000000008
CALL SHIFTQ(ABCZ2,CBAZ2,6)

ABC3 = PLT.AND.77770000000000008
CALL SHIFTQ(ABC3,CBA3,12)

CALL SHIFTQG(ABCZ2,MNA,12)
IF(MNA_LE.32B) GO TO 60

PUNCH 1,VNT,ABC1,CBA2,CBA3,STA

IFCJSIG.EQ.1) PRINT 1,VNT,ABC1,CBAZ,CBA3,STA
IF(JSIG.ED.2) PRINT 3,VNT,ABC1,LBAZ2,CBA3,STA

GO TO 100
PUNCH 2,VNT,ABC1,CBA2,CBA3,STA

IF(JSIG.EQ.1) PRINT 2,VNT,ABC1,CBAZ,CBA3,STA
IF(JSIG.EQ.2) PRINT &4,VNT,ABC1,CBA2,CBA3,STA

RETURN
FORMAT(2X,A5,1X,A%,1X,A1,A2,55X,A3)
FORMAT(2X,AS5,1X,2A1,1X,A2,55X,A3)
FORMAT(3X,A5,1X,A1,1X,A1,A2,55X,A3)
FORMAT(3X,AS5,1X,2A1,1X,A2,55X,A3)
END

123
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SUBROUTINE FRONCY (RSVX,RSVY,L)

DIMENSION TITLE(9),LABEL(2).XG(2),YG(2)

COMMON /BAS/ DUM1(1000),XPNC1000),IPNC1000),DUM2C2000),AC1000,2),
1 DUM3(2000),1PLATE, IEVENT

DATA (TITLE=1H ,1H ,10H FREQUENCY,10H PLOT OF R,10HESIDUALS A,
1 10HFTER PRELI,10HMINARY CUR,10HVE FIT (SA,10HTELLITE)
DATA (LABEL=10H X VALUES ,10H Y VALUES )

DATA (N2=2),(DUM=0.)

INC = 100

L1 = L-1

DO 10 [=1,L1

NX = IPNCI+1) - IPNCD)

TE(NX.LT.INC) INC = NX

10 CONTINUE

TINC = INC

TOP = 15.

YMIN B -15.

YMAX = 15.

XGRD = 200.~TINC =+1.

YGRD @ 15.

XTCK = .01 § YTCK & .01
XLAB 8 7.0 $ YLAB & 4.0

DX B 40=INC $ DY = 3.

RVX B RSVX*1.E+6 $ RVY = RSVY«x1.E+6

DO 15 I=1,L

XPNCI) B IPNCD)

DO 15 J=1,2

ACI,Jd) = ACI,J)*1.E+6

[FCABSCACI,J)).GT.TOP) ACI,J) = SIGNCTOP,ACI,Jd))
15 CONTINUE

JSIG B 0

RV = RVX

D0 65 1=1,¢

XMIN 8 IPNC1) -200+[NC -1

XMAX = IPNC1)

M=
20 XMIN B XMIN + 200.=TINC

XMAX = XMAX + 200.=+TINC

IIN = XMIN +1.
IAX = XMAX -1.
ISIG = 0

DO 22 JJ=M,L
IFCIPNCJY).GE.IIN) GO TO 23
22 CONTINUE
GO TO0 70
23 DO 25 LL=J4J,L
KK = JJ+L-LL
IFCIPN(KK) .LE.IAX) GO TO 26
25 CONTINUE
650 TO 70
26 Kkt = KK=1
30 DO 35 J=J4J,kK1
IFCCIPNCJ+1)-IPNCJY) . NE.INC) GO TO 40
35 CONTINUE
NPTS = KK-JJ+1
LST = KK
IF(NPTS.EG.1) GO TO 50
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GO TO 43
40 NPTS = J-JJ+1
LST = J
IF(NPTS.EQ.1) GO TO 50
43 PRINT 1,1SI1G,JSIG,XMIN,YMIN, XMAX, YMAX,XGRD,YGRD,XTCK,YTCK,DX,DY,
1 XLAB,YLAB,NPTS
[FCISIG.EQ.0) PRINT 2,TITLE,LABELCI)
PRINT 3, (XPN(K),K=JJ,LST)
PRINT 3, (AC(K,I),k=JJ,LST)
PRINT 4
ISIG = 1
45 1F(LST.EQ.KK) GO TO 46
JJ = LST+1
IFCJJ.LT.KK) GO TO 30
LST = KK
GO TO SO
46 DO 438 J=1,2
SIDE = (-1.)xx(J+1)
XME B SIDE*RV
PRINT 1,IS1G,JSIG,DUM,DUM,DUM,DUM,DUM,DUM,DUM,DUM,DUM,DUM,DUM,
1DUM,N2
PRINT 3, XMIN,XMAX
PRINT 3, XME,XME
PRINT 4 :
48 CONTINUE
IF (KK.EQ.L) GO TO 60
M = KK+1
IF(M.LT.L) GO TO 20
GO TO 60
50 XG(1) = XPNCJJ) - .5=+TINC
XG(2) = XPN(JJ) + .5+TINC
YG(1)=YG(2)=AWJJ, D
PRINT 1,ISIG,JSIG,XMIN,YMIN, XMAX, YMAX,6XGRD, YGRD,XTCK,YTCK,DX,DY,
1 XLAB,YLAB,NZ
IFCISIG.EQ.0) PRINT 2,TITLE,LABEL(I)
PRINT 3,XG(1),XG(2)
PRINT 3,YG(1),YG(2)
PRINT 4
ISIG = 1
GO TO 45
60 RV = RVY
65 CONTINUE
RETURN
70 PRINT 6
RETURN
FORMAT(1HT,211,12E10.3,14)
FORMAT(1HT,10A10)
FORMAT(1HT,12E11.4)
FORMAT(2HTT)
FORMAT(1X,+* RESIDUALS OUT OF ORDER =)
END

[« JUN R EN I ) VI

507-908 O - 73 - ¢
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SUBROUTINE ERWIN (N,NC,A,IS,NJ,NK)
DIMENSION ACNJ,NK)

c MODIFIED CHOLESKY
Is = 1
I =1
DO 10 J=1.N
GO TO (5,3,1),1
1 K = J-2
DO 2 L=1,K
DO 2 M=J,N
2 ACI-1,M) = AC=-T, M) - ACL,J-1)=ACL, M)
3 K = J-1
DO 4 L=1,K
4 ACJ,J) = AGJ,J) - ACL,J)*AC(L,Jd)
I =2
5 IFCACJ,J)) 6, 6, 7
6 IS = -1
GO TO 22
7 ACJ,N+3) = SQRT (A(J,J))
DO 8 L=J,N
8 ACJ, L) = ACJ,LY/ACIN+3)
b0 9 L=1,J

9  A(L,J) = ACL,J)/ACJ, N+
10 1 @ 1+
£ INVERSION OF U
D0 11 I=2,N
J = I-1
DO 11 K=1,J
11 ACL,K) = -A(K,Il.
DO 12 1
J = 1
D0 12 K
L el
Mozl
00 12 1
M =M
12 ACI,L3 o ACI,L) - ACI,M)*ACL,M)
c COMPUTATION OF U INVERSE * U INVERSE TRANSPOSE
DO 14 I=1,N
DO 14 J=1,N
ACI,N+4) B O.
DO 13 k=J,N
13 ACI,N+4) @ ACI,N+4) + ACK,I1)*ACK,d)
14 ACl,J) = ACI, N+4)
DO 15 I=1,N
DO 15 J=I,N
15 ACL,Jd) = ACL,J)/ACT,N+3)
DO 16 I1=1,N
D0 16 J=1,1
16 ACJ, 1) & ACJ,I)/ACI,N+3)
DO 17 K=1,N
DO 17 L=K,N
17 ACL,K) & A(K,L)
C COMPUTATiON OF SOLUTIONS
IF(NC) 18,22,18
18 M = N+NC
I = N+1
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20

21
22

DO 21 J=1.,M
DO 19 K=1,N
ACK,N+4)
DO 20 K=1,N
DO 20 L=1,N
A(K,N+4)
DO 21 K=1,N
A(K,d) =
RETURN

END

= 0.

= A(K,N+4)

ACK,N+4)

+ ACK,L)*ACL,d)

127
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10

13

20
21

22

23

30
40

SUBROUTINE ANGLE (Y,X,A)
PI = 3.1415926535898
IF(X> 30,20,10
IFCY.LT.0.) GO TO 13
A = ATANCY/X)

GO TO 40

A = 2.xP] + ATAN(Y/X)
GO TO 40

IF (Y)Y 23,22,21

A B Pl/2.

GO TO 40

A= 0.

GO TO 40

A = 3.xP1/2.

GO TO 40

A = PI + ATANCY/X)
RETURN

END
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30

35
38
40
700
45
50
105
110
120
125
126

170
175
176

300
301

178

179

1

SUBROUTINE SBUF (NWRDS,NS)
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COMMON /SBUFF/ LEN(2),NEXT(2),IFIRST(2),IXBUF(2),BUFSCR(102¢4,2),

MODE(2)

IF (NS.EQ.1) ITJ B 1

IF (NS.EG.2) 1Ty = 3

IF(MODE(NS)) 105,5,105

IF (NWRDS)> 10,20,10

LENCNS) = LEN(NS) + NWRDS

IF (LEN(NS).GT.512) GO TO 30

IXBUF(NS) = NEXT(NS)

GO TO 50

IF (LENCNS).EQ.0)> RETURN

IF (UNIT,ITJ) 30,35,300,300

DO 700 k=1,2

IFF @ IFIRST(NS)

BUFFER OUT(ITJ,1) (BUFSCR(IFF,NS),BUFSCRCIFF+511,NS))
IF (NWRDS) 45,40,45

IF (UNIT,ITJ) 40,700,300,300

CONTINUE

IFP = TFIRST(NS)+512

IXBUF(NS)Y = IFIRST(NS) = MODCIFP,1024)
LENCNS) = NWRDS

NEXT(NS) = IXBUF(NS)> + NWRDS

RETURN

IF (NWRDS)Y 170,110,170

IF CUNIT,ITJ)> 110,120,300,300

IFF = IFIRST(NS)

BUFFER INCITJ,1)(BUFSCR(IFF,NS),BUFSCRCIFF+511,NS))
IF CUNIT,ITJ) 125,126,300,300

IFP = IFIRST(NS)+512

TFIRST(NS) @ MOD(IFP,1024)

RETURN

IF(MOD(LEN(NS),512)) 176,175,176

1F C(UNIT,I1TJ) 175,178,300,300

LENCNS) = LEN(NS) + NWRDS

IF (LEN(NS).GT.512)> GO TO 175
IXBUF(NS) @ NEXT(NS)

GO TO 179

PRINT 301,NS

FORMAT (//» TROUBLE IN SBUF *,12)

STOP

IFF @ TFIRST(NS)

BUFFER IN (ITJ,1) (BUFSCR (IFF,NS),BUFSCRCIFF+511,NS))
IFP = IFIRST(NS) + 512

IXBUF(NSY = IFIRST(NS) @ MOD(CIFP,1024)
LENCNS) = NWRDS

NEXT(NS) B IXBUF(NS) + NWRDS

RETURN

END
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SUBROUTINE OBUF (NORECS)
COMMON /CDBUF/ LENGT,NEXT,IFIRST,IXBUF,BUFF(1024),ENDFLG, JSAP,
1 ITI,ITO

IF (NORECS) 10,40,10
10 LENGT = LENGT + NORECS
IFC(LENGT.GT.64) GO TO 20
IXBUF = NEXT
GO TO 30
20 CALL LTRIO (ITO,112B,BUFF(IFIRST),BUFF(IFIRST+511),KS)
IF (KS .LT. 0> GO TO &0
[XBUF = IFIRST = MOD(IFIRST+512,1024)

LENGT NORECS
30 NEXT = [XBUF + NORECS*3
RETURN

40 INDEX = IFIRST+(LENGT-NORECS)*8-1
CALL LTRIO (ITO,1:2B,BUFFCIFIRST),BUFF(INDEX),KS)
IF (KS .LT. 0) GO TO 80
ENDFLG = 0.
RETURN

80 PRINT 100,KS
STOP

100 FORMAT (*1 JOB ABORTED-- STATUS WORD « ,020)
END
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PROGRAM STARID (TAPEZ2,TAPE4,TAPES,0QUTPUT=TAPES,JFILE,TAPE1=JFILE,

SAO0,TAPE3=SAC)

CAPACITY 90 TRAILS, 1000 POINTS, 200 STARS

1002
1003

1000

1004

1005

1001

1006
1007

1
2
3

1

1
2

1

OIMENSION QJAY(525),CATNO(68) ,RTASC(68) ,PMRA(68),

DECL(68),PMDC(68),SRCBK(68),STARS(408) ,ASTRA(68,6) ,RTSV(299),
HEAD(6),R(27) ,XTRL(90),DAYNUM(90,8) ,DATAC1000,7),1ISG(90),
COORD(200,9),TEM(204)>,11DC10),NIDC10),1BD(4),FWT(3,2)

COMMON /CDBUF/ LEN,NEXT,IFIRST,INBUF ,BUFFIN(1024),ENDFLO,IST

LAT2,1T6

COMMON /CHK/ COORD,DTOL,PR1DIF,PRZDIF,STORE(Z,11),FHT, INDWT
COMMON /UPD/ DTDIF,IDIFF,IDCR,JJ,XTRL,DAYNUM, NARC,GJAY
COMMON /TST/ NID,1ID.LNCNT

EQUIVALENCE (STARS,ASTRA,CATNO),(STARS(69),RTASD),

(STARS(137),PMRA), (STARS(205),DECL), (STARS(273),PMDC),
(STARS(341),SRCBK)

DATA(PI=3.1415926535898), (TWPI1=6.2831853071796),

(HFP1=1.5707963267949),(P0=760.),(T0=0.),(RDG=.17453292519943E~-1)

2,(RMIN=.29088820866572E-3), (RSEC=.48481368110953E-5),

3 (RHR=.26179938779915),(RTMIN=.43633231299858E-2),

4 (RTSEC=.7272205216643E-4),(GRTORD=.15707963267949E-1),

5 (AP0=.29137566E~3),(AP1=-,3227865E-6), (AP2=.10225E-8),

6 (CM=.2234945E-3),(CN=.97169024E-4),(PMN=.21716742E-7),

7 (DMDT=.13526302E-8),(DNDT=-.41209163E-9),(IT=1),(BLANK=5H )
DATA (1T2=24012005350000000000B),(174=240120053700000000008),

1

(IEF=100000000000008), (ENDFLQ=0.)

READ AND STORE J-CORRECTION TABLE
Jz2 = 0
00 1000 I=1,52

BUFFER IN (1,1) (QJAY(1),QJAY(525))
IF (UNIT,1) 1002,1003,1003,1003

IA = (1-1)+525 + 121750

CALL WRITEC (QJAY,lA,525,J2)
CONTINUE

READ AND STORE STAR CATALOG
DO 1001 I=1,298

I

BUFFER IN (3,1) (STARS(1),STARS(408))
IF (UNIT,3) 1004,1005,1005,1005
RTSV(1) B RTASC(68)

IA = (I-1)2408

CALL WRITEC (STARS,IA,408,J2)
CONTINUE

= 299

BUFFER IN (3,1) (STARS(1),STARS(162))

I

F C(UNIT,3)> 1006,1007,1007,1007

RTSV(I) = RTASC(27)
CALL WRITEC (STARS,121584,162,J42)

I

NITIALIZE ABORT ROUTINE

I2ZYX = 0
CALL PATCH

I

F(I2YX.EQ.0) GO TO 100

PRINT 98
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(]

100

1012

1013

101

102

104

106

PRINT 97,(BUFFINCI),1=1,1024)

END FILE 5

IFCCIST.AND.IEF) .NE. 0) GO TO 100
CALL LTRIO (IT2,4B,X0,XG,IST

BEGINNING OF PROGRAM PROPER
12YxX = 1
N=NN=ISORT=0
IDCR B 1
DO 1012 I=1,10
IIDCI) & NIDCI) =0
CONTINUE
DO 1013 [=1,90
ISG(I)» = 0
CONTINUE
D0 101 I=1,800
COORD(I)Y = 0.
CONTINUE
IF(ENDFLO.EG.0.) CALL LTRIO (IT4,115B,XC,X0,KS)
ENDFLG = 1.
LEN=0 $ IFIRST=NEXT=1
CALL DBUF(C0)
CALL DBUF(1)
DECODE (80,5,BUFFINCINBUF)> ISTEP, (HEAD(1),1=1,6)
PRINT 96
PRINT 6,1STEP, (HEAD(I),I=1,6)
CALL DBUF(1)
DECODE (80,2,BUFFINCINBUF)) RTOL,DTOL,EVENT,INDWT
IFCINDWT.LT. 1> INDWT o O
[FCINDWT.EQ.0) GO TO 102
CALL DBUF(1)
DECODE (80,12,BUFFINCINBUF)) (FWT(I,1),1=1,3)
CALL DBUF((1)
DECODE (80,12,BUFFINCINBUF)) (FWT(I1,2),1=1,3)

READ APPROXIMATE CAMERA ORIENTATION PARAMETERS
CALL DBUF(1)

DECODE (80, 3 ,BUFFINCINBUF))(R(I1),1=22,24)
CALL DBUF(1)

DECODE (80, 3 ,BUFFINCINBUF))(R(I),1=25,27)

READ DATE, LOCATE IN J-CORRECTION TABLE

CALL DBUF(1)

DECODE (80, 4 ,BUFFINCINBUF))ITRL IPLT,IYEAR,MONTH, IDAY, IAZ
PRINT 30,EVENT,IPLT,IYEAR,MONTH, IDAY

PRINT 22,RTOL,DTOL,EVENT, INDWT

IFCINDWT.NE.O) PRINT 26, CCFUT(I,J),1=1,3),4d=1,2)
PRINT 23,(RCI),4=22,27)

IF(MONTH.GT.6) GO TO 115

NARC = 2+(IYEAR-62) - 1

IFCMONTH.NE.1) GO TGO 104

IDATE = IDAY

GO TO 126

IF(MONTH.NE.2) GO TGO 106

IDATE = 31 + IDAY

GO TO 126

IF(MODCIYEAR,4).NE.O) GO TO 108



00

108

110

112

121

123

125
126

128
129

IDAY = IDAY + 1
IF(MONTH.NE.3) GO TO 110
IDATE = 59 + IDAY

GO TO 126

IF(MONTH.NE.4) GO TO 112
IDATE B 90 + IDAY

GO TO 126

IFCMONTH.NE.5) GO TO 114
IDATE = 120 + IDAY

GO TO 126

IDATE = 151 + IDAY

GO TO 126

NARLC = 2x(]YEAR-62)
IF(MONTH.NE.?7) GO TO 117
IDATE = IDAY

GO TO 126

IF(MONTH.NE.8) GO TO 119
IDATE = 31 + IDAY

GO TO 126

IFCMONTH.NE.9) GO T0 121
IDATE B 62 + IDAY

GO T0 126

IFCMONTH.NE.10)> GO TO 123
IDATE = 92 + IDAY

GO TO 126

IF(MONTH.NE_11) GO TO 125
IDATE = 123 + IDAY

GO TO 126

IDATE = 153 + IDAY

IA = (NARC-1)#525 + 121750
CALL READEC (GJAY,IA,525,J2)
NDATE B QJAY(1)

NX = NDATE/100

NDAY o NDATE - NX*100

NY = NX/100

NMNTH = JTABS(NX - NY*100)
IFCNMNTH.NE.1) GO T0 128
NDATE = NDAY

GO TO 129

NDATE NDAY - 30

NDIFF IDATE - NDATE
IDIFF NDIFF/10

DTDIF FLOAT(NDIFF)/10. - FLOATCIDIFF)
IDIFF IDIFF + 1
IFC(IAZ.EQ.0) GO TO 132

COMPUTE ALPHA OMEGA KAPPA [F CAMERA ANGLES GIVEN IN AZ,
AZIMR @ R(22) * RDG

ZENIR = R(23) * RDG

COPAR = R(24) r RDG

AK = AZIMR - P~

IFCAK.LT.0.) AK @ AK + THWPI

SINOMG = SINCZENIR)*SIN(AK)

COSOMG SORT(1.- SINOMGx*2)
SINALP = SINOMG/COSOMG/TANCAK)
COSALP o COS(ZENIR)>/COSOMG
TANALP = SINALP /COSALP

133

ZEN DIST
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CALL ANGLE (TANALP,SINOMG,DELKAP)
COPPAR = COPAR - DELKAP + HFPI
SINCOP =SIN (COPPAR)
COSCOP =C0S (COPPAR)
GO TO 133
132 ALPHAR B R(22) » GRTORD
OMEGAR R(23) * GRTORD
COPPAR R(24) « GRTORD
SINALP SIN (ALPHAR)
COSALP C0S (ALPHAR)
SINOMG SIN (OMEGAR)
COSOMG CO0S (OMEGAR)
SINCOP SIN (COPPAR)
coscop CO0S (COPPAR)

(m]

c COMPUTE (APPROXIMATE) DIRECTION MATRIX OF CAMERA
133 A1 = -COSALP+COSCOP + SINALP*SINOMG+SINCOP
B1 @ -COSOMG+SINCOP
C1 = SINALPxCOSCOP+COSALP*SINOMG*SINCOP
D @ SINALP = COSOMG
E = SINOMG
F = COSALP « COSOMG
AZ = -COSALP » SINCOP - SINALP+SINOMG:COSCOP
B2 @ COSOMG * COSCOP
C2 @ SINALP « SINCOP - COSALP*SINOMG*COSCOP
DPAR R(27) = D
EPAR = R(27) * E
FPAR = R(27) « F
J =1

OO

READ PARAMETERS FOR GIVEN TRAIL, STORE IN ARRAY DAYNUM
134 CALL DBUF(1)
DECODE (80, 3 ,BUFFINCINBUF))Y(RCID,I=1,3)
CALL DBUF(1)
CALL DBUF(1)
DECODE (80, 3 ,BUFFINCINBUF))(R(I>,I=z4,6)
CALL DBUF(1)
D0 135 K=7,19,3
L = K+2
CALL DBUF(1)
DECODE ¢80,3,BUFFINCINBUF)) (RCI>,I=k,L)
135 CONTINUE
IF(MOD(J,7).EQG.0) PRINT 99
PRINT 24, ITRL .IPLT,IYEAR,MONTH, IDAY
PRINT 25,(RCI),!=1,21)
DTSOG = R(18)x%2/200.
PHIR B8 R(1)*RDG + R(2)*RMIN + R(3)*RSEC
SINPHI =SIN (PHIR)
COSPHI = COS (PHIR)
PABAR = R(20) » (1.-.00264*C0S(2.*PHIR) - 2.*R€19)/6370000.)
REFRAC B PABAR o (1.+.003665*T0) / PO / ¢1.+.003665*R(21))
XTRLCJ) B [TRL
DAYNUM(J,1) = R(4)*RHR + R(S5)*RTMIN + R(6)*RTSEC
DAYNUM(J,2) B8 R(7)*RHR + R{(8)*RTMIN + R(9)+RTSEC
DAYNUMCJ,3) =R(10)*RHR +R(11)*RTMIN +R(12)*RTSEC
DAYNUMC(J, 4) R(13)*RTSEC
DAYNUMC(J,5) R¢(14)«RSEC
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DAYNUMC(J, 6)
DAYNUMCJ,7)
DAYNUMCJ, 8)
J = J+1

R(15)*RSEC
R(16)*RSEC
RC(17)

c
c READ NEXT INPUT, TEST IF TRAIL CARD OR PLATE POINT CARD
137 CALL DBUF(1)
DECODE (80, 7 ,BUFFINCINBUF))X,Y ,W1,W2,W3,ITYP,NPT,ITRL,
1 NPLT,ITEST
IFCITYP.NE.O) GO TO 138
IFCJ.LE.90) GO TO 134
PRINT 90
GO TO 142
138 IFC(ISORT.EQ.1) GO TO 141

(@]

c SORT TRAIL PARAMETERS ON INCREASING TRAIL NUMBER
JJ = J-1
KK @ JJd-1
DO 140 I=1,KK
L =JdJ -1
DO 140 K=1,L
TF(XTRL(K).LE.XTRL(K+1)) GO TO 140
TEMP = XTRL(K)
XTRL(K) = XTRL(K+1)
XTRL(K+1) = TEMP
DO 139 M=1,8
TEMP = DAYNUMCK, M)
DAYNUM(K,M) = DAYNUM(K+1,M)
DAYNUM(K+1,M) = TEMP
139 CONTINUE
140 CONTINUE
ISORT = 1
141 IFCIPLT.EG.NPLT) GO TO 143
PRINT 91, IPLT,NPLT
142 CALL DBUF(1)
DECODE (80, 10 ,BUFFINCINBUF))ITEST
IF (ITEST) 300,142,300

(m]

c STORE INFORMATION FOR PLATE POINTS IN ARRAY DATA
143 NPTN = NPT#1000 + ITRL
NN = NN + 1
IFCNN.LE.1000) GO TO 144
PRINT 93
GO 70 142
144 DATACNN, 1)
DATACNN, 2)
DATAC(NN, 3)
DATACNN, 4)
DATACNN,S?
DATACNN, 6) NPTN
DATACNN,7) ITRL
IFCITEST) 145,137,145
145 PRINT 46

X
Y
W1
We
W3

c SORT PLATE POINT INFORMATION ON INCREASING POINT NUMBER
N1 = NN - 1
DO 148 1=1,N1
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L = NN - |
DO 148 K=1,L
IF(DATA(K,6).LE.DATA(K+1,6)) GO TO 148
DO 147 M=1,7
TEMP o DATA(K,M)
DATA(K,M) = DATA(K+1,M)
DATA (K+1,M) = TEMP
147 CONTINUE
148 CONTINUE
DG 165 K=1,NN
ITRPN @ DATA(K,6)/7100.
TRPN = ITRPN

c FOR EACH PLATE POQINT, COMPUTE APPROXIMATE AZIMUTH AND ZEN DIST
XL @ DATA(K,1) - R(25)
YL @ DATA(K,2) - R(26)
U o XLxA1 + YLxAZ2 + DPAR
V = XL+*B1 + YL*BZ2 + EPAR
WW= XL+«C1 + YL+C2 + FPAR
SCSI B U/KWW
SCNU = V/WKW
CALL ANGLE (SCNU,SCSI,CAY)
A @ CAY + PI
TANZR = SQRT(SCSI*x2 + SCNU*=x2)
ZR = ATAN(TAMZR)
RM o APO*TANZR + APT1*TANZR=*x*3 + AP2*TANZR*=5
Z 8 ZR + RM«REFRAC .
SIN(2)
cos<2y
SINCA)
cosca»

w
2
>
oun un

oo

COMPUTE APPROXIMATE HOUR ANGLE AND DECLINATION
SINDEC = COSZ#*SINPHI - SINZ+COSA*COSPHI
COSCOS = COSZ+*COSPHI + SINZ+COSA*SINPHI
COSSIN = SINZ « SINA
CALL ANGLE (COSSIN,COSCOS,HP)

COSDEC = SORT(1.- SINDECxx2)
TANDEC = SINDEC/COSDEC
DEC = ATAN(TANDECD)

(e ]

c LOCATE PARAMETERS FOR TRAIL TO WHICH PLATE POINT BELONGS
DO 152 I1=1,J4J
IF(DATA(K,7).EQ.XTRL(I)) GO TO 154
152 CONTINUE
PRINT 92,DATA(K,7)
IF(TRPN.NE.COORD(N,5)) GO TO 165

IF THERE ARE PARAMETERS FOR ONLY PART OF A SET OF PODINTS,
INDICATE BY A CODE IN COORD(N,®6)

BP = 0.

TRLC = AINTC(COORD(N,6>/10000.)

IF(TRLC.EQ.0.) GO TO 153

BP = 1.

TRLC = AINT(TRLC*x.1)

IF(TRLC.EQ.0.)> GO TO 153

BF = 2.

OO0
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TRLC = AINT(TRLCx.1)

IFCTRLC.NE.O.) BP = 3,

BPP = COORD(N,4) + 1. + BP

MB @ BP .

COORD(N,6) = COORD(N,6) + BPP*10.*+(MB+4)
GO TO 165

STORE SIDEREAL TIME, COMPUTE RIGHT ASCENSION (APPROXIMATE)

ISG(1) = 1

DATA(K,7) = DAYNUMCI,1)

RA = DAYNUM(CI,1) - HP
IF(RA.LT.0.) RA = RA + TWPI
IF(RA.GT.TWPI) RA B RA - TWPI

BACKDATE APPROXIMATE RIGHT ASCENSION AND DECLINATION TO 1950

RAG @ RA + DAYNUM(I,2)
RAH = RA + DAYNUM(I,3)

SINRAG = SIN(RAG)
COSRAG = COS(RAG)
SINRAH = SIN(RAH)

COSRAH @ COS(RAH)

RAO = RA - (DAYNUM(I,4) + DAYNUMCI,5)*SINRAG*TANDEC +
DAYNUMCI,6)*xSINRAH/COSDEC)

DCO = DEC - (DAYNUMCI,5)*COSRAG + DAYNUMCI,6)+COSRAH*SINDEC +
DAYNUMCI ,7)>*xCOSDEC»

SINRAG = SINCRAQ)

COSRAO = COS(RAD)

TADECO = TAN(CDCO)

AVRT = CM + CN*SINRAO*TADECO
AVDC = CN+*COSRAOQ
SVRT = 100. & (CN+*2+SINRAG+COSRAO*(1.+ 2.+TADECO*#*2) + PMNs

COSRAO+TADECO + DMDT + DNDT+*SINRAO+TADECO)

SVDC = 100. * (-CN+x2xSINRAO*+*2+ TADECO - PMN«SINRAO + DNDT=
COSRAQ)

RT1950 = RAO - (AVRT+*R(18) + SVRT+DTSQ)

DE1950 = DCO - CAVDC+#R(18) + SVDC+«DTSQ)

JF(RT1950.LT.0.) RT1950 @ RT1950 + TWPI

STORE APPROXIMATE STAR COORDINATES IN ARRAY COORD, ACCUMULATING
MULTI OBSERVATIONS OF THE SAME STAR

IFC(N.EQ.0) GO TO 158

IFCTRPN.EQ.COORD(N,S5)) GO TO 160

N = N+1

IF(N.LE.200) GO TO 159

PRINT 94

GO TO 300

COORD(N,S)> = TRPN

COORD(N,6) = K

COORD(N, 1) = COORD(N,1) + RT1950
COORD(N,2)> B COORD(N,2)> + DE1950
COORD(N,3> = COORD(N,3) + DEC
COORD(N,4)> = COORD(N,4&) + 1.
CONTINUE

MEAN STAR COORDINATE APPROXIMATIONS
DO 168 I=1,N
DO 148 K=1,3
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COORD(I,k) B COORD(I1,K)/COORD(I, &)
168 CONTINUE

(]

C SORT STAR INFORMATION ON INCREASING RIGHT ASCENSION
KK = N-1
DO 172 1=1,KK
L=N-1
DO 172 M=1,L
IFCCOORD(M,1).LE.COORD(M+1,1)> GO TO 172
DO 170 K=1,6
TEMP = COORD(M.K)>
COORD(M,K> @ COORD(M+1,K)
COORD(M+1,K) = TEMP
170 CONTINUE
172 CONTINUE

C LIST APPROXIMATE STAR COORDINATES
M1 = 1
M2 = 58
173 IF(M2.GT.N) M2 = N
PRINT 47,EVENT,IPLT
DO 180 I=M1,M2
IFCCI+116).6GT.N) GO TO 174
NM = I + 116
GO TO 176
174 [FCC1+58).GT.N) GO TO 178
NM @ I + 58
176 PRINT 48, (COORD(K,1>,CO0ORD(K,2),CO00RD(K,5),CO0ORD(K,4),K=],NM,58)
GO 70 180
178 PRINT 48,CO0RD(],1),CO0RD(CI,2),CO0RD(1,5),CO0RD(I, &)
180 CONTINUE
MT = M1 + 174
M2 = M2 + 174
IF(M1.LE.N) GO TO 173

(]

c BEGIN STAR LOOKUP IN SAO CATALOG
PRINT 34,EVENT,IPLT
LNCNT & 3
RTOL = RTOL * RSEC
DTOL = DTOL * RSEC
CALL READEC (STARS,0,408,J2)
JN B 1
JL = 1
DO 240 1=1,N
IFCCOORD(I,1).LE.(TWPI+RTOL)) GO TO 181
PRINT 87,COORD(I,5)
LNCNT = LNCNT + 2
COORD(I,3) = BLANK
L @ AMOD(COORD(I,5),10.)
IFC(L.EQ.0) L = 10
NIDC(LY = NIDCL)Y + 1
GO TO 239
c .
C FOR EACH STAR APPROXIMATION, SET LIMITS
181  PRIDIF = 10.
PR2DIF = 10.
RALO = COORD(I,1) - RTOL
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182

183
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185

186

188
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RAHI = COORDC(CI,1) + RTOL
IF(RALO.GE.RTASC(JL)) GO TO 185

STAR AT BEGINNING OF CATALOG

Ja = 0
DO 182 k=1,34%
DO 182 L=1,6
Jo = J0+1
TEM(JG) = ASTRA(K,L)
CONTINUE
CALL READEC (STARS,121584,162,42)
DO 183 k=1,27
kG B 28-K
DO 183 L=1,6

ASTRA(KQ@+7,L) = ASTRA(KG,L) - TWPI

CONTINUE
Ja = 0
DO 184 K=35,68
DO 184 L=1,6

J@ = JO+1
ASTRA(K,L) = TEM(JQ
CONTINUE

JN = 0

JL = 8

GO 7O 201

IF(RAHI.LE.RTASC(68)) GO TO 201

STAR NOT IN CURRENT SECTION OF CATALOG

JNT = JN+1

DO 186 KL=JN1,298
IF(RAHI.LE.RTSV(KL)) GO TO 198
CONTINUE

IFC(RAHI .GT.RTSV(299)) GO TO 192

STAR IN LAST SECTION OF CATALOG

CALL READEC (STARS.121176,408,J2)
Jo B o
DO 188 K=35,68
DO 188 L=1,6
JO = J0+1
TEM(JO) @ ASTRA(K,L)
CONTINUE
CALL READEC (STARS,121584,162,J2)
DO 190 kK=1,27
DO 190 L=1,6
ASTRAC(K+41,L) = ASTRA(K,L)
CONTINUE
Jo = o
DO 191 K=8,41
DO 191 L=1,6

J@ = J@+1
ASTRA(K,L) = TEMCJQ)
CONTINUE

JN = 298

JL = 8

GO T0 201

139
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C STAR AT END OF CATALOGG
192 CALL READEC (STARS,121584,162,42)
Ja oo

DO 194 k=1,27
DO 194 L=1,6
JO 8 Jg@+1
TEM(JO) B ASTRA(K,L)
194 CONTINUE
CALL READEC (STARS,0,408,J2)
DO 195 K=1,34
DO 195 L=1t,6
ASTRA(K+34,L) o ASTRA(K,L) + THWPI
195 CONTINUE
J@ = 0
DO 197 K=8,34
DO 197 L=1,6

Ja = J@+1
ASTRA(K,L) = TEMWJQ)
197 CONTINUE
JN = 299
JL = 8
GO TO 201
€
C STAR IN GENERAL SECTION OF CATALOG

198 IF(KL.EG.1)Y GO TO 200
IF(RALO.GT.RTSV(KL-1)) GO TO 200

C STAR RANGE OVERLAPS TWO SECTIONS
KL1 8 KL-1
1IF(KL1.EG.JN> GO TO 1983
IA = (KL1-1)%408
CALL READEC (STARS,IA,408,J2)
1983 J0 =0
DO 1985 k=35,68
DO 1985 L=1,6
J0 = JG+1
TEM(JG) B ASTRA(K,L)
1985 CONTINUE
1A = (KL-1)#408 :
CALL READEC (STARS,1A,408,J2)
DO 1988 K=1,34
DO 1988 L=1,6
ASTRA(K+34,L) = ASTRA(K,L)
1988 CONTINUE
Jo =0
DO 199 k=1,34
00 199 L=1,6

J@ = J0+1
ASTRA(K,L) = TEM(JQ)
199 CONTINUE
JN = KL
JL = 1
GO TO 201
c
c STAR RANGE CONTAINED IN ONE SECTION

200 IA = (KL-1)*408
CALL READEC (STARS,IA,408,J42)
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JN KL

JL = 1
201 J = JL-1

oD

COMPARE APPROXIMATE STAR WITH STAR POSITION IN SECTION
202 J = J+1
IFC(RTASC(J).LT.RALO) GO TO 202
220 1F(RTASC(J).GT.RAHI) GO TO 2338

OO

CHECK IF CATALOG STAR IS A POSSIBLE IDENTITY FOR APPROXIMATE STAR

CALL CHECK (RTASC(J),PMRACJ),DECL(J),PMDC(J),CATNOCJ) ,SRCBK(J),
1 1,RC(18))

J = Jd

IF(J.LE.68) GO TO 220

PRINT 95,CO0RD(CI,5)

LNCNT = LNCNT + 2

COORD(I,3) = BLANK

L = AMOD(COORD(I,5),10.)

IF(L.EG.O0) L = 10

NID(L) = NIDC(L) + 1

COORD(I1,5) @ -COORD(I,5)

IF(COORD(I,5).EQ.0.) COORD(I,S5) @ -1.

GO TO 239

CHECK 1F CLOSEST STAR IN CATALOG 1S A BINARY
IF NOT, REPLACE APPROXIMATE STAR COORDINATES IN STORAGE WITH
CLOSEST STAR FROM CATALOG
238 CALL TEST (I}
239 IFCI.EQ.N) GO TO 240
IFCLNCNT+3.LE.60) GO TO 240
PRINT 34,EVENT,IPLT
LNCNT B 3
240 CONTINUE

OO0

PRINT STATISTICS OF STAR IDENTIFICATION
252 11T = NIT = 0
PRINT 49,EVENT,IPLT
DO 2508 K=1,10
L =K
IF(K.EQG.10) L = 0
PRINT 50,L,IIDC(K),NID(K)
IIT = IIT + 11ID(K)
NIT = NIT + NID(K)
2508 CONTINUE
PRINT 51,!IT,NIT
1SGG = ©
DO 2511 K=1,JJ
IFCISGC(K) .NE.O) GO TO 2511
IF(ISGG.NE.O) GO TO 2510

OO0

PRINT 44
ISGG = 1
2510 ITRL = XTRL(K)

PRINT 45, 1TRL
2511 CONTINUE

OO0

SORT STARS ON CATALOG NUMBER
LEN = 0 § IFIRST = NEXT = 1

507-808 O - 73 - 10
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CALL OBUF (1)
ENCODE (80,9,BUFFINCINBUF)) ISTEP, (HEAD(K),k=1,6)
NT = N
PRINT 35,EVENT,IPLT
LNCNT = 3
2529 NK = NT
I 0
2530 1 1+1
2531 1+(COORD(I,3).NE.BLANK) GO TO 2533
D0 2532 L=1,9
TEMP @ COQORDCI,L)
COORD(I,L) = COORD{(NK,L)
COORD(NK,L) @ TEMP
2532 CONTINUE
NK = NK - 1
IF(NK.EQ.I) GO TO 255
GO TO 2531
2533 J = |
[1 = [+1
DO 254 K=I1,NK
IFCCOORD(I,3).NE.COORD(K,3)) GO TO 25¢4
J = J+1
IFC(J.EQ.K) GO TO 254
DO 253 L=1,9
TEMP = COORD(J,L)
COORD(J,L) = COORD(K,L>
COORD(K,L) o TEMP
253 CONTINUE
2564 CONTINUE
IFCI.LT.C(NK=-1)) GO TO 2530

255 NNN = NT
NCS = 1
I =0
C
c CHECK IF SAME STAR FROM TAPE USED MORE THAN ONCE
256 1 = [+1
257 NS @ 0
TEMA = COORD(I. T
TEMD = COORD(I,2)
11 a [+1
258 1F(COORD(I,5).LT.0.) GO TO 270
IFCI1.GT.NT) GO TO 260
IFCCOORD(I1,3).NE.COORD({,3)) GO TO 260
NS = NS + 1
TEMA B TEMA + COORDC(I1,1)
TEMD = TEMD + COORD(I1,2)
NNN = NNN - 1
1 =11 + 1
GO TO 258
260 IF(NS.GT.0) GO TO 265
c
c OUTPUT STAR USED ONLY ONCE

PRINT 31,COORDC(I,1),CO0RD(CI,2),¢(COORD(CI,M),M=7,9),CO0RD(!,5),
1 COORD(I,4),COORD(I,3)

LNCNT = LNCNT *+ 1

CALL LINE (LNCNT)

CALL OBUF (1)
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268

270

275
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276
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ENCODE (80,41,BUFFINCINBUF)) COORDCI,?1)>,CO0RDC(I,2),CO0RDCI,?7),
1 COORD(I,8),CO0RD(I,9),CO0RDCI,5),CO0RDC(I,4)>,CO0RD(CI,3)
GO TO 275

QUTPUT STAR USED MORE THAN ONCE
0BS o 0.
I2 =1 + NS
DO 268 M=1,12
OBS = 0BS + COORD(M,4)
CONTINUE
TEMA = TEMA/FLOAT(NS+1)
TEMD = TEMD/FLOAT(NS+1)
FNCS = NCS
PRINT 31,TEMA,TEMD, (COORD(I,M),M=7,9),FNCS,0BS,COORD(I,3)
LNCNT = LNCNT + 1
CALL LINE C(LNCNT)
CALL OBUF (1)
ENCODE (80,41,BUFFINCINBUF)) TEMA,TEMD,COORD(I,7),COORDCI, &),
1 COORD(I,9),FNCS,0BS,COORD(I, 3
GO TO 275

OUTPUT UNIDENTIFIED STAR
PRINT 32,CO0RDC(I,5),CO0RD(I,4)

LNCNT = LNCNT + 1
CALL LINE C(LNCNT)

CALL OBUF (1)
ENCODE (80,42,BUFFINCINBUF)) COORD(I,S5),COO0RD(I, 4)

LOCATE ASSOCIATED PLATE DATA
DO 2751 M=1,4

IBD(M) =2 0

CONTINUE
BP B 0.
COORD6 = COORDC(I,®6)
TRLC = AINT(COORD6/10000.)
MB B 0
IF(TRLC.EQ.0.) GO TO 278
MB = 1
TEMP = AINT(TRLC=*.1)
IBD(1) @ TRLC - TEMP=10.
TRLC @ TEMP
IFCTRLC.EQ.0.)> GO TO 276
MB = 2
TEMP = AINT(TRLC=*.1)
IBD(2) = TRLC - TEMP+#10.

TRLC = TEMP
IF(TRLC.EQ.0.)> GO TO 276
MB = 3

TEMP = AINT(TRLC«x.1)
IBD(3) o TRLC - TEMP=x10.
TRLC = TEMP
IF(TRLC.EG.0.) GO TO 276
MB = 4

TEMP = AINT(TRLC*.1)
IBD(4) = TRLC - TEMP=x10.
BP o MB

DO z77 M=1,MB
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BD = IBD(M)
COORD6 @ COORD6 - BDx10.xx(M+3)
277 CONTINUE
278 K = COORD6
K1 = COORD6 - 1. + COORD(I,4) + BP
IFCI.EQG.NT) GO TO 289
IF(NS.GT.0) GO TO 282

c OUTPUT PLATE DATA FOR STAR USED ONLY ONCE
DO 281 M=K,K1
IF(MB.EQ.0) GO TO 2791
MJd = M-K + 1
DO 279 MN = 1,MB
IFCMJ.EQ.IBD(MN)) GO TO 281
279 CONTINUE
2791 PRINT 33, (DATA(M,MN),MN=1,6),C00RD(I,5),DATA(M,7)
LNCNT B LNCNT + 1
CALL LINE C(LNCNT)
CALL OBUF(1)
ENCODE (80,43,BUFFINCINBUF)) (DATA(M,MN),MN=1,6),CO0RD(I,S),
1 DATA(M,?7)
281 CONTINUE
GO TO 256

(]

C OUTPUT PLATE DATA FOR STAR USED MORE THAN ONCE
282 DO 285 M=K,K1
FNCS o NCS
IF(MB.EG.0) GO TO 2831
MJ =M - K + 1
DO 283 MN=1,MB
IFCMJ.EQ.IBD(MN)) GO TO 285
283 CONTINUE
2831 PRINT 33, (DATA(M,MN;,MN=1,6),FNCS,DATA(M,7)
LNCNT = LNCNT + 1
CALL LINE C(LNCNT)
CALL OBUF()
ENCODE (80,43,BUFFINCINBUF)) (DATA(M,MN) ,MN=1,6),FNCS,DATA(M,?7)
285 CONTINUE
IFCI.EQ.I2) GO TO 287
I = 1+

GO TO 275
287 NCS = NCS + 1
GO TO 256
c
o OUTPUT LAST SET OF PLATE DATA

289 FNCC = COORD(I,S)
IF(NS.GT.0) FNCC = NCS
IF(MB.EG.0) GO TO 291
K1 =K1 +1 $ MJ =K1 -K+1
290 K1 8 k1 -1 $ MJoMJ -1
DO 2902 MN=1,MB '
IF{MJ.EQ.IBD(MN)) GO TO 290
2902  CONTINUE
291 IF(K.EQ.K1) GO TO 295
K1 = K1 - 1
DO 294 M=K,K1
IF(MB.EG.0) GO TO 2921
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Md = M - K + 1
DO 292 MN=1,MB
IF(MJ.EQ.IBD(MN)) GO TO 294
292 CONTINUE
2921 PRINT 33, (DATA(M,MN),MN=1,6),FNCC,DATA(M,?7)
LNCNT = LNCNT + 1
CALL LINE C(LNCNT)
CALL OBUF(¢1) ]
ENCODE (80,43 ,BUFFINCINBUF)Y) (DATA(M,MN),MN=1,6),FNCC,DATA(M,?)
294 CONTINUE
K1 = K1 + 1
295 PRINT 33,(DATA(K1,MN),MN=1,6),FNCC,DATA(K1,7),IT
CALL OBUF (1)
ENCODE (80,43,BUFFINCINBUF)) (DATACK?,MN),MN=1,6),FNCC,
1 DATA(K1,7),IT
PRINT 38,NT,NNN
CALL QBUF(0)
300 END FILE 5
GO TO 100
2 FORMAT(2(1X,E14.8),8%,A5,26%X,11)
3 FORMAT(3(1X,E14.8))
4 FORMAT(63X,13,A5,312,11)
5 FORMAT(18X,A3,5A10,A9)
6 FORMAT(1H1,30(/),60X,* JOB STEP », A3////50X,5A10,A9)
7 FORMAT(2E14.8,3E10.4,12,213,A5,8%,11)
9 FORMAT(18HB JOB STEP ,A3,5A10,A9)
10 FORMAT(79%,11)
12 FORMAT(3E10.3)
22 FORMAT(1X,2¢(1X,E14.7),8%X,A5,26X,11)
23 FORMAT(1X,3¢1X,E14.7))
24 FORMAT(xT»,63%X,13,A5,312,11)
25 FORMAT(*Tx*,3(1X,E14.7))
26 FORMAT(1X,3E10.3,20X,*» NOT FK&4 #/1X,3E10.3,20X,* FK& )
30 FORMAT(1H1/43H STAR IDENTIFICATION AND UPDATING EVENT .AS,
1 O9H PLATE ,AS,7H DATE,313///7H INPUT/)
31 FORMAT(*T«,2E14.7,3E10.3,2X,F6.0,2X,F3.0,1X,A6)
32 FORMAT(*Tx,60X,F6.0,2X.F3.0)
33 FORMAT(*T«+,2F12.10,3E10.3,2F6.0,F11.8,2X,I1
34 FORMATC1TH1/14X,41H CATALOG INFORMATION FOR IDENTIFIED STARS,7X,
1 7H EVENT AS,9H PLATE AS5//7)
35 FORMAT(3HTPG/*T~»,12H OUTPUT DATA,11X,6HEVENT AS.9H PLATE A5/*T=x)
38 FORMAT(/10X,+ NUMBER OF STARS BEFORE GROUPING =I13/10X,33H NUMBER
10F STARS AFTER GROUPING 13)
41 FORMAT(2E14.7,3E10.3,2X,F6.0,2X,F3.0,1X,A6)
42 FORMAT(60X,F6.0,2X,F3.0)
43 FORMAT(2F12.10,3E10.3,2F6.0,F11.8,2X.11)
44 FORMAT(sTx/*Tx/*xT*/xTx,35H THE FOLLOWING TRAILS WERE NOT USED)
45 FORMAT(*T+,5X,13)
46 FORMAT(///49H HEADERS AND DATA CHECKED FOR SAME PLATE NUMBER//)
47 FORMAT(1H1,37X,36H MEANED APPROXIMATE STAR COORDINATES,20X,7?H EVEN
1T AS.9H PLATE AS5/)
48 FORMAT(1X,3(¢(2X,F11.8,1X,F11.8,1X,F4.0,F2.0,7X))
49 FORMAT(1H1/51X,7H EVENT AS,9H PLATE A5/8X,5H STAR,11X,6H STARS,
1 9X,6H STARS/4X,13H TRAIL NUMBER,4X,11H IDENTIFIED,3X,
2 13H UNIDENTIFIED/)
SO FORMATC(10X,I11,14X%X,13,12X,13)
51 FORMAT(/16X,7H TOTALS,15,12X,13)
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87 FORMAT(/5X,14H STAR NUMBER F&.0,3X,* HAS APPROXIMATE RIGHT ASCEN
1SI0ON GREATER THAN 24 HOURS )

90 FORMAT(/20H MORE THAN 90 TRAILS)

91 FORMAT(//42H HEADERS AND DATA ARE FOR DIFFERENT PLATES//
1 11H HEADERS A5, 8X,6H DATA A5)

92 FORMAT(27H NO HEADER CARDS FOR TRAIL F3.0)

93 FORMAT(/22H MORE THAN 1000 POINTS)

94 FORMAT(/20H MORE THAN 200 STARS)

95 FORMAT(« TOLERANCE RANGE FOR STAR =*,F4.0,+* EXCEEDS 68 STARS ON TAP
1Ex/+x IF THIS HAPPENS OFTEN, SEE PROGRAMMER ABOUT CHANGING LIMITS+#)

96 FORMATC(1HT)

97 FORMAT(4X,8A10)

98 FORMAT(x1 JOB STEP ABORTED-- INPUT AREA #/)

99 FORMAT(3HTPG)
END
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SUBROUTINE LINE (LNCNT)

IF (LNCNT.LT.60) GO TO 257
PRINT 99

LNCNT = 1

RETURN

FORMAT (3HTPG)

END

147
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SUBROUTINE CHECK (ALPH,PMR,DELT,PMD,CAT,SRC,I,TT)

COMMON /CHK/ C,DTOL,PR1DIF,PR2DIF,ST,FWT, INDWT

DIMENSION C(¢200,9),ST(2,11),FWT(3,2)

DATA (SRCBK=77777700000000000000B), (FK4=3HF4 ), (W1=1.),(W2=1.),
1 (W3=0.),(FILL=000000555555555555558)

c
c CHECK IF CATALOG STAR DECLINATION IS WITHIN TOLERANCE RANGE
IF(ABS(DELT-C(I,2)).GT.DTOL) GO TO 10
c
c UPDATE CATALOG STAR POSITION TO TIME OF OBSERVATION
RT = ALPH
PA = PMRx1.E-10
DEC = DELT
PD @ PMD*1.E-10
CALL UPDATE (RT,PA,DEC,PD,C(1,5),TT)
C
C CHECK CATALOG STAR AGAINST PREVIOUSLY CHOSEN CATALOG STARS, IF ANY

DDIF = ABS(DEC - C(I,3))
IF(DDIF.GE.PR2DIF) GO TO 10
IFCINDWT.NE.O) GO TO 1

ST(2,4) = W1
ST(2.5) = W2
ST(2,6) = W3
GO TO 3

1 ABC = SRC.AND.SRCBK.OR.FILL
IFCABC.EQG.FK4) GO TO 2
ST(Z,4) = FWTC(1, 1)

ST(2,5) = FWT(Z2,1)
ST(2,6) = FWHT(3, 1)
GO TO 3

2 ST(2,4) = FHT(1,2)
ST(2,5) = FWT(2,2)
ST(2,6) = FWT(3,2)

3 8T(2,1) B RT
$T¢2,2) = DEC
ST(2.,3) = CAT
ST(2,7) = SRC
ST(2,8) B ALPH
ST(2,9) 8 PA

$ST(2,10) = DELT
ST(2,11) = PD
PR2DIF = DDIF
IF(DDIF.GE.PR1DIF) GO TO 10
PO 5 kK=1,11
TEMP = ST(2,K)
ST(2,K) = ST(1,K)>
ST(1,K) = TEMP
5 CONTINUE
TEMP = PR2DIF
PR2DIF = PRI1DIF
PR1DIF @ TEMP
10 RETURN
END
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SUBROUTINE UPDATE (RA,PMRA,DEC,PMDC,LST,TT)
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COMMON /UPD/ DTDIF,IDIFF,IDCR,JJ,XTRL,DN,NARC,QJAY

COMMON /TST/ 1DUM(20),LNCNT

DIMENSION XJAY(21,25),0JAY(525),XTRL(90),DN(90,8),0¢3),DC(3,3),

003(3),8T(2,11)
EQUIVALENCE (XJAY,QJAY)

DATA (RSEC=.48431368110953E-5),(RTSEC=.7272205216643E-4),

(RDG=.17453292519943E-1)
IF(DEC) 134,133,133

IDEC = 1
GO TO 135
IDEC = -1

UPDATE TO BEGINNING OF YEAR OF OBSERVATION
X = COS(RA)*COS(DED)

Y = SINC(RA)Y~COSCDEC)

2 = SIN(DED)

PMX = -PMRA*COS(DEC)>*SIN(RA) - PMDC+*COS(RA)

*SINC(DED)
*+SINC(DED)

PMY = PMRA+~COS(DEC)*COS(RA) - PMDC=SIN(RA)
PMZ = PMDC*COS(DEC)

PMSQ = PMRA*PMRAxCOS(DEC)*COS(DEC)> + PMDC+PMDC
PMXD = -X » PMSQ

PMYD = -Y » PMSQ

PMZD = -2 = PMSQ

TSQ = .5«TT*x2

GC1) 8 X + PMX«TT + PMXD+*TSG

G(2) @ Y + PMY~TT + PMYD«TSQ

0¢3) @ 2 + PMZ«TT + PMZD+TSO

T2 TT/100.

TSQ 8 T o T

TCU @ TSQ « T

DELTA = 2304.948+T + .302+TSQ + .018+TCU
ZETA = (DELTA + .791+TSEQ) *+ RSEC

DELTA = DELTA » RSEC
THETA = (2004.2555*T - .426+TSQ - .042*TCU)
DCC1,1) = COS(DELTA)*COS(THETA)*COS(ZETA)
DCC1,2) = -SINC(DELTA)*COSCTHETA)*COS{ZETA)
DC(1,3) = -SIN(THETA)*COS(ZETA)
DC(2,1) B COSC(DELTA)*COSC(THETA)*SIN(ZETA)
DC(2,2) = -SINC(DELTA)*COSCTHETA)*SIN(ZETA)
DC(2,3) = -SINCTHETA)*SINCZETA)
DC(3,1) = COS(DELTA)*SIN(THETA)
DC(3,2) = -SINC(DELTA)*SINCTHETA)
DC(3,3) = COSCTHETA)
DO 136 [=1,3

Qac¢!> = 0.

DO 136 kK=1,3
Qa<I> = @GCIY» + DCCI,K)*Q(K)

CONTINUE
CALL ANGLE(QGQ(¢2),00(¢1),RTASD)
SO = SQRT(AOC1)>»QQC1> + GG(2>+00(2))
DECL = ATANCQQ(3)/5Q)
IFCABS(Q0(3)/SQ).LT.1.E+4) GO TO 138
PRINT 1,CST
LNCNT = LNCNT + 4
RETURN

* RSEC
- SINC(DELTA)=SINCZETA)
- COS(DELTA)*SIN(ZETA)

+ SINC(DELTA)=COS(ZETA)
+ COS(DELTA)+COS(ZETA)
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138

139

140

143

144
145

146
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1 FORMAT(/13H STAR NUMBER

1
2

1
2

1
2

1
2

1

LOCATE PARAMETERS (INDEPENDENT DAY NUMBERS) FOR INITIAL OBSERVA-

TION OF THE STAR

JTRL = AMOD(CST,10.)

DO 139 I=1,Jd
KTRL = XTRL(I1)>/100.
IF(KTRL.EQ.JTRL) GO TO 140
CONTINUE

PRINT 2,JTRL

LNCNT B LNCNT + 3

RETURN

COMPUTE J-CORRECTIONS

RA @ RTASC/RDG/15.
IF(RA.GE.12.) RA = RA - 12.
KRA = RA

RADIF B RA - FLOAT(KRA)

KRA = KRA + 2

KRA1 = KRA + 1
IF(KRA.EG.13) KRA1 B 2

COIF = DTDIF » RADIF
IFCIDEC-IDCR) 143,146,144
NARC = NARC + 26

GO TO 145

NARC = NARC - 26

IA B8 (NARC-1)>*525 + 121750
CALL READEC (QJAY.IA,525,J2)
IDCR = IDEC

CORRJ B XJAY(IDIFF,KRAY*(1.-DTDIF-RADIF+CDIF)

*(DTDIF-CDIF) + XJAYCIDIFF,
KRA1)+CDIF

KRA1)+(RADIF-CDIF)

+ XJAYCIDIFF+1,KRA)

+ XJAYCIDIFF=+1,

CORRJP = XJAYC(IDIFF,KRA+12)*(1,-DTDIF-RADIF+CDIF) + XJAYCIDIFF+1,
KRA+12)*(DTDIF-CDIF) + XJAYCIDIFF,KRA1+12)*(RADIF-CDIF) + XJAY

(IDIFF+1,KRA1+12)*CDIF
CORRJ = CORRJ*1.E-5*RTSEC
CORRJP B CORRJP=*1.E-4*RSEC

UPDATE TO TIME OF OBSERVATION

RA B RTASC + DN(I,4) + DNCI,8)*PMRA + DNC(CI,S)*TANC(DECL)*SINC(RTASC
+ DNCI,2)) + DNCI,6)*SINC(RTASC+DN(I,3))/COSC(DECL)

TAN(DECL>*TAN(DECL)

+ CORRJ =

DEC = DECL + DN(I,8)>«PMDC + DNCI,6)*SINC(DECL)~COSC(RTASC+DNC(I,3))

DNCI,5)*COSC(RTASC+DN(I,2))
TANC(DECL)
RETURN

22H STAR CANNOT BE USED /)

+ DNCI,7)>xCOS(DECL?

2 FORMAT(/27H NO HEADER CARDS FOR TRAIL 11/)

END

+

.F4.0,28H HAS DECLINATION

CORRJP =

90 OR -90/

+
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SUBROUTINE TEST (D)

COMMON /CHK/ C,DTOL,PR1DIF,PR2DIF,ST,FUT(3,2),INDNT
COMMON /TST/ NID,I1D,LNCNT

DIMENSION ST(2,11>,€€200,9),NIDC10),11DC10)

DATA(TWSC=.000096962736), (BLANK=5H )
KO = C(l.,4&)
KR = C(1,5)

STAR UNIDENTIFIED OR BINARY
IF(PRIDIF.LT.7.) GO TO 2
PRINT 11,KR

LNCNT = LNCNT + 3

GO TO 6

IF(PR2DIF.GT.7.) GO TO 4
DLTDEC = ABS(ST(1,2) - ST(2,2))
IF(DLTDEC.GT.TWSC) GO TOC 4
PRINT 12,KR

LNCNT = LNCNT + 3

C(I,3) = BLANK

J = AMOD(C(I,5),10.)
IF(J.EG.0) J = 10

NIDCJ) = NIDCJ) + 1
ccIr,5 = -CC1,5
IFCCCI,5).EQ.0.) CCI,5) = -1,
GO TO &

NORMAL IDENTIFICATION
c(l,1 = sTC1,1
C¢l,2) = ST(1,2)
C¢I,3) @ ST(1,3)
CCI,7> = ST(1,4)
C(l,8) = ST(1,5)
CCI,9) = ST(1,6)

PRINT 13,(ST¢1,K),K=8,11),87T¢1,3),KR,K0,ST(C1,7)

LNCNT = LNCNT + 1

J = AMOD(C(I1,5),10.)

IFCJ.EQ.0) J = 10

1IDCYY = 11I0Cd)Y + 1

RETURN

FORMAT(/48X,14H STAR NUMBER 14,3X,15H NOT IDENTIFIED/)
FORMAT(/48X,14H STAR NUMBER 14,3X,10H IS BINARY/)
FORMAT(1X,2(1X,F11.8,1X,F13.10),2X,A5,2X,14,12,2X,A9)
FORMAT(1H1/14X,41H CATALOG INFORMATION FOR IDENTIFIED STARS,7X,
1 7H EVENT A5,9H PLATE AS//)

END
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SUBROUTINE ANGLE (Y,X,A)
PI = 3.1415926535898
IF(X> 30,20,10

10 IFCY.LT.0.) GO TO 13
A = ATANCY/X)
GO TO 40

13 A = 2.+P1 + ATANCY/X)
GO TO 40

20 IF (Y) 23,22,21

21 A B Pl/2.
GO TO 40

22 A = 0.
GO TO 40

23 A = 3.xPI/2.
GO TO 40

30 A = PI + ATANCY/X)

40 RETURN
END
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70
74

79

76

100
64
77
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SUBROUTINE DBUF (NORECS)

COMMON /CDBUF/ LENGT ,NEXT,IFIRST,IXBUF,BUFF(1024),ENDFLQ,KS,

ITI,ITO
DATA C(ICOUNT=0)
DATA (IEF=10000000000000B)>,(IPR=20000000000000008B>

IF (NORECS) 70.10.70

CALL LTRIO (CI1TI,111B,BUFFCIFIRST),BUFF(IFIRST+511),KS)
IF (KS .LT. 0) GO TO 76

IF ((KS.AND.IRR) .NE. 0) PRINT 100

IF ((KS.AND.IEF) .NE. 0) GO TO 60

IFIRST MODCIFIRST+512,1024)

ICOUNT 0

RETURN

ICOUNT = ICOUNT+1

IF CICOUNT .LT. 2) GO TO 10

PRINT 64

CALL LTRIO (JT0,1158,A,8B,J%)

STOP

IF (MOD(LENGT,S512)) 79,74,79

CALL LTRIO C(ITI,111B,BUFFCIFIRST),BUFFC(IFIRST+511),KS)
IFIRST = MOD(IFIRST+512,1024)

LENGT = MODC(LENGT+8+NORECS,1024)
IXBUF = NEXT

NEXT = LENGT +1

RETURN

PRINT 77.KS

STOP

FORMAT(/ =« TROUBLE IN INPUT TAPE o /)

FORMAT (+r1 JOB TERMINATED-- END OF DATAx)
FORMAT (+1 JOB ABORTED-- STATUS WORD * ,020)

END
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SUBROUTINE OBUF (NORECS)
COMMON /CDBUF/ LENGT,NEXT,IFIRST,IXBUF,BUFF(1024),ENDFLQ, JSAP,

1 ITI,ITO
c
IF (NORECS) 10,40,10
10 LENGT = LENGT + NORECS
IFCLENGT.GT.64) GO TO 20
IXBUF = NEXT
GO TO 30
20 CALL LTRIO (IT0,112B,BUFF(IFIRST),BUFFC(IFIRST+511),KS)
IF (kS .LT. 0) GO TO 80
IXBUF = I1FIRST & MOD(CIFIRST+512,1024)
LENGT =@ NORECS
30 NEXT @ IXBUF + NORECS+*8
RETURN
40 INDEX = IFIRST+(LENGT-NORECS)>*8-1
CALL LTRIO (ITO,112B,BUFFC(IFIRST),BUFFCINDEX) ,KS)
IF (kS .LT. 0) GO TO 80
ENDFLG B 0.
RETURN
80 PRINT 100,KS
STOP
100 FORMAT (x1 JOB ABORTED-- STATUS WORD * ,020)
END
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